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I. Introduction 
The Minerals Management Service (formeraly the Bureau of Land 
Management) has supported a series of experiments to obtain 
emperical data needed to parameterize EPA-approved, Gaussian and 
trajectory dispersion models for the California coastal regions. 
The model is to be used by Federal, state, and local regulatory 
agencies to assess the onshore impact of material released into 
the atmosphere in the outer continental shelf area as the result 
of the development of offshsre oil and gas activities. Four 
experiments have been performed to date, two in the Santa Barbara 
Channel, near Ventura, and two in an open coastal area, near Pismo 
Beach. These sites were chosen to be representative of the types 
of areas encountered along the coast. Two studies were performed 
in each area so that both the winter and summer seasons could be 
examined. 
The general scenario for the experiments was as follows: 
SF6 gas was released within the outer continental .shelf area, 
outside of 3 nautical miles (nmi) from shore. The plume location 
was determined by continuous analyzers in aircraft and ground 
vehicles, by grab samples from a boat and on land, and by 
stationary one-hour average samplers on land. The release ship 
was equipped with a complete set of meteorological 
instrumentation, including radiosondes, to determine overwater 
conditions. An aircraft performed soundings to obtain mean 
meteorological parameter profiles. Onshore instrumentation 
included fixed and tetroon borne sensors and a Doppler acoustic 
sounder for determining wind profiles. 
1 
Several contractors have been involved in these efforts. The 
Environmental Physics Group of the Naval Postgraduate School (NPS) 
operated the research ship RV/Acania and was responsible for the 
overwater meteorological data for all four experiments. 
The contractors involved in the tracer and onshore experiments are 
listed in the next section. 
Some of the material included here also appears in previous 
reports.l The purpose of this report is to consilidate, in a 
single document, descriptions of all experiments. This report is 
divided into three parts: general descriptions, data reduction 
methods, and data and calculated parameters. No data obtained by 
other contractors is included here; contractor data reports are 
available.2,3 Final documents on the results of the first two 
experiments are also available.4,5,6 
II. General Descriptions 
II-1. Participants 
The experiments were performed in two phases. Phase I in the 
Santa Barbara Channel and Phase II in an open coastal location, as 
described in the introduction. For conformity with previous 
reports, we refer to the experiments of Phase I as BLM 1 and 2 and 
Phase II as BLM 3 and 4. The contractors for each of the phases, 
and their basic responsibilities, are listed in Table 1. The 
last experiment included more data collection than the first three. 
NPS contracted with ERCO to supply and operate continuous SF6 
analyzers to obtain additional overwater tracer data and the 
California Air Resources Board contracted with California 
Institute of Technology to obtain tracer data over a wide inland 
geographical area. These additional data will not be available in 
the reports of the BLM work. 




















AV-AeroVironment, Inc.; SRI-Stanford Research International; 
ERCO-Energy Resources Co., Inc.; BNL-Brookhaven National 
Laboratory; MRI-Meteorology Research, Inc.; NAR-North American 
Weather Consultants. 
II-2. Description of Experiments 
Charts showing the locations of the ship, aircraft 
trajectories, and ground level sampling are in Figures 1 and 2. 
The scenarios for all experiments were similar, although during 
Phase I near Ventura the ship was approximately 5 nmi from shore, 
whereas during Phase II off Pismo Beach the distance was 3 nmi. 
During BLM-1 and 2 the SF6 tracer gas was released through the 
exhaust of one of the ship's motor generator sets, which added 
some heat to the plume. During BLM-3 and 4 the release was at 
ambient temperature from a tube attached to the ship's radio 
mast. 
The sequence of events on a sampling day was approximately as 
follows: Throughout the early morning the ship reported winds to 
the shore command station. These data and shore wind information 
were used for initial positioning of the ship. Continuous 
monitoring of the wind was done to determine when the sea breeze 
had become well established and to position the ship so that at 
the shoreline the plume would intersect the center of the fixed 
sampler array. The ship was anchored at a fixed position since 
movement of the ship during a release would introduce apparent 
meander to the plume, contaminating the test results. The tracer 
gas release usually occurred between 1100 and 1300 hours. Mobile 
sampling began about one-half hour after the start of the release. 
A complete experiment lasted 6-8 hours. The tracer gas was 
monitored continuously at the source to produce a constant flow 
rate. 
For all experiments, an aircraft carrying a continuous SF6 
analyzer made near shorline transects of the plume at several 
elevations. The instrument provided readings of the instantaneous 
concentrations of SF6 in the ambient air as a function of 
position and time. This allowed the plume dimensions to be 
d,efined in both the horizontal and vertical directions. Ground 
level transects were made by a similarly equipped van, operating 
at the shoreline and/or inland. Ground level plume concentrations 
were determined by placing fixed one-hour average collectors along 
one or more fixed arrays paralled to the shoreline. These 
samplers were placed close enough together so that several would 
be within the narrowest plume expected. The array was wide enough 
so that the plume would be within its extent even if considerable 
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II-3. Description of Localities 
The test areas were chosen for two reasons: first., because 
t.hey are representative of import.ant. types of coastal areas, and 
second, because both are candidates for new or increased outer 
continental shelf oil development. Thus, the areas afford the 
opportunity to investigate transport under differing 
met.eorological condit.ions and also sat.isfy t.he needs for BLM 
modeling for regulatory purposes. 
Charts of t.he geographical areas surrounding t.he t.wo areas 
are shown in Figures 3 and 4. The Ventura chart, Figure 3, 
includes detailed topography because of the importance of the 
surrounding hills. The Pismo Beach chart. only shows t.he locat.ion 
of prominant. hills, which are locat.ed far from t.he experiment. 
area. 
In this section the general nature of the localities and the 
climatological behavior are described in order to outline the 
expect.ed met.eorological condit.ions. 7 The following sect.ion is a 
description of the synoptic and local conditions during the 
experiments. The purpose of this description is to delineate the 
meteorological framework for t.he t.est.s so t.hat. t.he resul t.s can be 
more easily relat.ed to ot.her work and applied t.o differing 
conditions off the California coast. 
A. Ventura (Phase I} 
Ventura lies within t.he Los Angeles Bight., an embayment. 
formed by the Santa Barbara Channel, Santa Monica Bay, and the 
Gulf of Sant.a Cat.alina. Pt .. Concept.ion, t.he surrounding hills, 
and t.he Channel Islands st.rongly affect t.he local flow and produce 
local condit.ions cont.rolled by the interplay of numerous local 
influences and mesoscale features which are typical of the general 
coastal area. The air flow in this are is quite different than 
over the majority of the California coast where an air mass 
reaches the shore after a long over-water fetch. 
The test area was a portion of the Oxnard plain, which is 
approximately 20 miles long, and extends 5 to 10 miles inland from 
the beach. The plain is surrounded by hills with peaks two to 
three thousand feet high. Immediately to the north the coastline 
runs in a generally east-west direction to Pt. Conception, which 
is approximately 50 miles away. The geographic features cause 
many effect.s, t.he major ones are as follows: 
1. The mount.ains t.o the nort.h act. as a part.ial barrier to 
the normal movement of air from the northwest. 
2. These mount.ains and t.he east.-west. orientat.ion of t.he 
shore t.urn the wind t.o a west.erly direct.ion and produce a 
complex patt.ern of eddies. 
3. Inland hills and t.he Channel Islands t.end t.o st.eer t.he 
flow, yielding complex trajectories. Winds inside and 
outside the Channel Islands are different. 
4. The surrounding high hills contain the cool, moist marine 
air. Only infrequent., strong, synopt.ic air mass changes 
displace t.he marine air. 
5. Due to nighttime downslope drainage from the surrounding 
hills, the diurnal land-sea breeze cycle is very strong, 
being enhanced by the local topography. 
B. Pismo Beach (Phase II) 
Pismo Beach is approximately 50 miles north of Pt. 
Conception, in a fairly open coastal area. Pt. Buchon, with 1000 
to 2000 foot hills, lies immediately to the north, projecting some 
5 miles out to sea. The point influences the local flow somewhat 
but the influence appears to be slight. The irrmediate inland 
hills are low giving a weaker land-sea breeze cycle than near 
Ventura. The experiments were carried out at the mouth of the 
Santa Maria valley, which steers the local flow slightly. The 
entrance to the valley at the beach is approximately 8 miles wide 
and the immediate hills on each side of the valley are only one to 
two hundred feet high, so their effect is small. The area is 
representative of an open California region where air mass 
movement is controlled by the synoptic pressure gradient, giving 
predominantly northwest flow with a long over-water fetch, and by 
the land-sea breeze cycle. 
C. California Coast Seasonal Climatology 
The synoptic climatology is the same for the two test areas 
and will be presented here. Also included are historical wind 
data for the two areas, which include local influences and are 
site specific. 
Summer 
The North Pacific semipermanent subtropical high lies to the 
west of the area and controls the synoptic scale flow. Clockwise 
flow around the high produces northwesterlies along much of the 





























The general onshore flow is aided by the inland thermal trough 
which is created by overland heating. Strong subsidence creates 
the prevalent capping inversion and the occasional passage of weak 
upper level troughs will dissipate or lift the inversion for 
periods of 12-24 hours. 
Fall 
The building of high pressure in the Great Basin causes 
frequent Santa Ana conditions. The pattern of storms and upper 
level westerlies moves further south breaking up the summer 
pattern. Frontal passage becomes more frequent and the 
subtropical high becomes displaced or shrinks, resulting in a 
break up of the marine inversion. 
Winter 
Frontal passage becomes much more frequent and strong surface 
westerlies often follow the passage. Santa Ana winds can still 
occur when the surface pressure in the Great Basin becomes 
sufficiently high. Also, the Pacific High and capping inversion 
can reform between frontal passage occurrences. 
Spring 
As the storm pattern moves north, the Pacific High again 
becomes the dominant feature. Cold lows pass frequently, followed 
by strong westerlies. 
D. Wind Climatology 
Wind climatologies are useful in determining expected 
conditions and for assessing whether observed conditions are 
typical. It is not possible to use the climatology to accurately 
predict local conditions on a day by day basis but seasonal 
..,,.., 
I) 
patterns are quite reproduceable. In coastal areas, conditions 
differ from location to location so that site specific 
climatologies are needed. 
Climatological data are presented for Pt. Mugu~ CA7 and 
Vandenberg Air Force Base, CA8, which are near Ventura and Pismo 
Beach, respectively. Pt. Mugu and Ventura are close 
geographically, while Vandenberg is approximately 20 miles from 
the Pismo Beach experiment area. No closer coastal climatology is 
available. Both data sets were obtained at meteorological 
stations which are two to three miles inland. The data from Pt. 
Mugu is much more extensive due to the support needed for the 
Pacific Missile Range, as is reflected in the data included here. 
Monthly wind averages for Pt. Mugu, including the number of 
days of occurrence of Santa Ana conditions are presented in Table 
2. Santa Ana conditions are widespread so that this data would be 
approximately correct for Vandenberg also. 
Table 2. Monthly averages of the most frequently observed wind 
direction, percent of time the wind speed is greater than 
21 knots, and the number of days of Santa Ana winds per 
month. The maximum number is the maximum observed over a 
ten year period. 
t··1ost Frequent Santa Ana Occurance 
Wind % greater Average Maximum 
Month Direction s:eeed % than 21 knots No. days No. 
JAN NE 10 15.5 2.3 9.3 1 
FEB w 9 12.3 1.8 5.2 
MAR w 10 18.3 1.1 2.8 
APR w 10 26.7 1.4 0.6 
MAY w 9 28.7 0.3 0.3 
JUN w 8 27.5 0.0 0 
JUL w 7 25.2 0.0 0 
AUG w 8 23.6 0.0 0 0 
SEP w 7 19.5 0.1 0.4 4 
OCT w 7 16.3 0.5 2.7 8 
NOV NE 7 12.1 1.0 7.0 19 
DEC N c: 12.8 1.4 9.3 18 ..;; 
14 
Average prevailing winds for Pt. Mugu as a function of time 
of day and time of year_ are shown in Figure 5. The dashed 
lines show wind direction, where a vector from top to bottom on 
the page indicates a north wind. The solid lines are wind speed 
isopleths, while the heavy dashed lines approximately divide the 
land and sea breeze regimes. 
Surface wind roses for each month for Pt Mugu are shown in 
Figure 6 and for three month periods for Vandenberg in Figure 7. 
Wind speed is indicated by the width of each "vector", wind 
direction by the angle, and frequency of occurrence by the length. 
The numbers in each wind rose circle are the percent of the time 
the wind is <3 knots. The wind speed averages for Vandenberg are 
always less than 10 knots, which is not the case for Pt. Mugu. 
The wind roses for Pt. Mugu contain more information since each 
monthly average direction shows not just the cmaulative average 
for the month (toPal length of the vector) but also the fractional 
occurrence for each wind speed category (fractional lengths of the 
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II-4. Test Periods Weeither Descri:etion 
The following is a description of the synoptic and local 
conditions during the four test periods. The synoptic conditions 
are derived from the daily weather maps, weekly series, published 
by the National Oceanic and Atmospheric Administration. The 
description of local conditions is based on the overwater 
meteorological data obtained on the RV/Acania. The data are 
presented in later sections. 
A. Syno:etic Descriptions 
BLM-1 (September 1980) 
General Comments: The whole period was dominated by the Pacific 
high. All frontal activity was to the north of California. The 
thermal low over Mexico was not strong enough to produce a 
dominant onshore flow. The surface pressure gradients in the 
coastal region were weak, so that the local flow was dominated by 
the diurnal land-sea breeze cycle. Low subsidence inversions were 
present under the dominant high pressure. Weak Santa Ana 
conditions can occur under these conditions. 
9/22: Surface highs were centered over the Northwest and 
Wyoming, and pressure gradients in the western u.s. were weak. 
Strong onshore flow was not expected. 
9/23: Surface highs were located over Colorado. Pressure 
gradients were even weaker. 
9/24: Surface highs were moving in off the Canadian coast. A 
weak upper level ridge was forming in the same area and a weak 
trough forming over north central u.s. Surface gradients were 
increasing off the California coast, causing weak onshore flow. 
1 () 
. / 
9/25: Surface highs were located over the northern portion of 
the continent. The upper level ridge was strengthening, but only 
over the area north of California, and the trough over the central 
U.S. was strengthening. Only very weak surface gradients existed 
in the coastal region. 
9/26: A surface low was on the Washington coast and a very 
large high was situated over the Midwest. The upper level ridge 
over western Canada was strong but did not extend south to 
Californiai the trough was moving to the East coast. The 
gradients were somewhat higher, with weak onshore flow expected. 
9/27: The situation was much the same as on 9/26 with 
additional highs over the northern u.s. and a weak front moving in 
off Washington. 
9/28: The pattern continued with the addition of a weak 
frontal passage north of San Francisco and some trailing 
precipitation. 
9/29: A large surface high was centered over Idaho and 
Nevada. The upper level north-south ridge moved east to extend 
from Canada into Montana. Location of the high caused weak Santa 
Ana conditions. 
9/30: ~1e thermal low over nothwestern Mexico weakened, 
essentially disappearing. The whole of the western u.s. was 
dominated by surface high pressure. 
BLM-2 (January 1981) 
The weather patterns for BLM-2 and BLM-1 were similar and 
general comments will suffice to describe the situation. The 
Pacific high was unusually strong producing a mini-drought for 
what is normally the beginning of the rainy season for California. 
Frontal passages were again far to the north. There was no well 
established onshore flow regime except for a short period during 
1/12-1/13 when the surface gradient in the Southern California 
area increased. As before, the land-sea breeze cycle would domi-
nate, however, fairly persistent highs over the inland western U.S. 
strengthened the offshore flow so that periods of sea breeze were 
shortened. 
BLM-3 (December 1981) 
General Comments: Synoptic scale features and associated West 
Coast flow patterns were typical for this time of the year. An 
upper air North-South ridgeline over the western states was the 
dominant feature and led to generally weak surface pressure 
gradients off the southern California coast. The Mexican thermal 
low and afternoon sea breeze determined the flow associated with 
the ridge's presence. Also typical for the time of year was the 
passage of a fast moving upper wave, and associated precipitation 
and moderate northwest winds. Another wave was approaching at the 
end of the period. More detailed descriptions of the synoptic 
scale features and resulting coastal flow pattern follows. 
On 7 December a 500 mb ridgeline extended North-South from 
eastern British Columbia to southern California. It had a slow 
eastward progression in advance of an approaching upper level 
trough extending southward from a closed low centered over the 
Gulf of Alaska. Coastal winds on 8 December were easterly during 
most of the day due to the unusual location of the c1exican thermal 
trough. Light westerly winds occurred from 1000 to 1600 in 
conjunction with the local sea-breeze. 
The approaching upper level trough crossed the west coast on 
10 December and a surface front passed the experimental area late 
on the same day. An extensive precipitation area existed along 
the west coast from Southern California to ~vashington state. 
Coastal winds progressed from southerly on 9 December to northerly 
on 10 December with the frontal passage. The northerly gradient 
flow behind the front combined with the afternoon sea breeze led 
to a maximum onshore wind of 15 kts during the afternoon of 11 
December. 
A weak north-south ridgeline re-established over the West 
Coast on 11 December and existed through 14 December. A fast 
moving upper level short wave (trough) moved through the weak 
ridge and crossed the West Coast in the vicinity of northern 
Washington on 15 December. The associated surface front reached 
northern California but did not affect the experimental area. 
During the 12 to 16 December period the coastal wind directions 
and speeds exhibited flow associated with a Mexican thermal trough 
and the afternoon sea breeze. The winds were east to northeast 
except for the afternoon (1100-2400) when onshore flow (northwest) 
occurred with speeds of 10-15 kts. 
The upper level ridge intensified on 16 December and the 
associated large surface high region extended from eastern British 
Columbia to Nevada. The increased gradient on the western side of 
the surface high led to general easterly winds on 17 December with 
no discernable influence from the sea-breeze effects. 
BLM-4 (June 1982) 
The synpotic scale conditions and resulting precipitation and 
coastal wind regimes were atypical for the early summer season. 
The Mexican thermal trough should dominate this region, with 
resulting light coastal winds influenced by the sea-breeze during 
this period. Two upper level troughs passed over the west coast 
during the period. The first (22 June) was a fast moving short 
wave and the second (28-30 June) was a deep system associated with 
a closed low at 500 mb, which became nearly stationary over 
central California. Both systems had considerable north-south 
extent which led to the southern California surface pressure 
patterns reflecting their passage. This resulted in a greater 
than normal offshore pressure gradient and a fairly steady onshore 
wind, lacking tbe usual strong land-sea breeze cycle. Hence, 
strong onshore winds occurred. 
During the 21-23 June period, an upper level trough was 
moving from off the west coast into the mountain states. A 
surface trough extended from western British Columbia into 
northern California which was an intensification of the northern 
extension of the Mexican thermal trough. 
During the 24-26 June period, a more intense upper level 
trough was developing off the west coast. A surface trough line 
extended from upper Mexico to Washington and the offshore pressure 
gradient was moderate. By 25 June, a closed 500 mb low had formed 
west of the Oregon-Washington coastline. The trough and low 
intensified as they progressed slowly eastward. Precipitation was 
observed along the northern California coast on both 25 and 26 
June and a cold front. exist.ed over northern California on 26 June. 
During the 27 June - 1 July period, the upper level trough 
and closed low moved across the west coast. The closed low moved 
south-east.ward and was cent.ered over cent.ral California on 30 
June. Widespread precipi t.at.ion occurred over the cent.ral and 
northern California coastal regions on 27 and 28 June and extended 
sout.hward int.o t.he experiment.al area during t.he 29-30 June period. 
A closed surface low and associated frontal systems formed over 
nort.hern Ut.ah on 28 June. Because of t.he offshore pressure 
gradient., winds remained sout.hwest. t.o nort.hwest. during t.his 
period. They were maximum on 27 June (15-20 kts) and decreased 
gradually, to a 5-10 kts range, on the remaining days as the above 
syst.ems moved across t.he coast. and inland. 
II-5. RV/Acania Eguipment 
The Acania not only served as the platform for the offshore 
release of the SF 6 tracer gas, but also provided continuous 
measurement. of several critical met.eorological paramet.ers. These 
• measurements were performend to document atmospheric transport and 
stability conditions of the overwater boundary layer during each 
t.est. day. The basic. met.eorological and dat.a acquisi t.ion equipment. 
has been t.he same for all four of the experiment.s. However, as 
with most experimental programs new equipment has been added for 
special purposes as t.he work progressed. The following sections 
describe all of the equipment that has been used, and indicate 
with special notations those components which were not used 
t.hroughout .• 
A. Sensors and Their Locations 
A complet.e set. of met.eorological equipment. is used on t.he 
ship when it is outfitted for atmospheric research. The purpose 
is to obtain as complete a characterization of the atmospheric 
boundary layer (BL) as possible. Data of this type is needed for 
BL modeling in which t.he Environment.al Physics Group is engaged, 
including transport and dispersion modeling. Basically, what is 
needed is a determination of the dynamic and mean parameters from 
t.he surface t.o t.he t.op of t.he BL, which is oft.en defined by a 
t.emperat.ure inversion. For the purposes of the work described 
here, the dynamics of the layer are especially important because 
t.hey are t.he driving mechanism behind dispersion, and mean 
properties are needed in order t.o paramet.erize models in t.erms of 
readily measured quantities. 
A side view of the RV/Acania with the locations of the 
meteorological sensors is shown in Figure 8. The ship has two 
masts, located on the bow, dedicated to the sensors. The foreward 
mast is on the tip of the bow and the sensors located there are at 
a height of 7m above the mean water level; the second mast is Sm 
behind the bow with sensors at 20.5m above the mean water level. 
This mast telescopes down to a personnel platform so that the 
sensors can be made easily accessible. The platform also holds 
sensors that do not need to be elevated (aerosol and IR sensors). 
The ship is approximately 40m long, 7m wide, and only 7m high 
(9m at the ship's stack). The low profile and narrowness of the 
ship cause minimal disturbance to the air flow, making it ideal 
for overwater atmospheric research. The sensors on the high mast 
are well above any significant ship influence but there is some 
distortion of the flow at the elevation of the foreward mast. For 
this reason only data from the upper station are used in 
subsequent data analysis. Lower mast sensors are used as a backup 
in the event of an upper sensor failure. 
A summary of the monitoring equipment and associate meteoro-
logical parameters measure is given in Table 2. Details of the 
various pieces of equipment can be found in a previous report.9 
The Mini-Ranger and the Ultrasonic Anemometer are new to the BLM-4 
experiment and are described below. 
The Mini-Ranger is a microwave transceiver-transponder system 
that is used for accurate positioning of the ship. The 
transceiver is on the ship and two transponders are on the shore 
(approximately 3 ~~apart for BLM-4). The transceiver sends a 
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coded pulse, t.he t.ransponder t.hat. recognizes t.he code sends a 
return pulse, and upon receiving t.he return pulse t.he t.ransceiver 
signal processing det.ermines t.he elapsed t.ime and, hence, the 
distance to that transponder. Using two transponders and 
t.riangulat.ion, t.he ship • s posi t.ion can be locat.ed t.o wit.hin 2m. 
In order to obtain this accuracy it is necessary to accurately 
measure t.he baseline bet.ween t.he t.wo t.ransponders. This 
measurement. was made wit.h a radar ranger t.o an accuracy of + 10 em 
It must be noted here that this system located the ship with 
respect. to t.he t.ransponders, not t.he exact. geographic locat.ion. 
No at.t.empt. was made t.o reference t.he t.ransponders locations t.o a 
known benchmark. 
The sonic anemomet.er measures t.he t.ime of flight. of a pulse 
of sound along three directions, two in the horizontal and one 
vert.ical. Because t.he sound propagat.es t.hrough t.he local air mass, 
the times of flight can be resolved to determine the wind vector. 
The syst.em has a t.ransmit.t.er/receiver spacing of 20 em, a speed 
resolut.ion of 2 em/sec, and samples at. 440 times/sec. Thus, t.he 
system is sensit.ive t.o bot.h t.he wind speed and wind fluct.uations 
well into the inertial subrange. Orientation of the unit is 
crit.ical, so correct.ions must. be made for bot.h ship orient.at.ion 
and rat.e of change of orient.at.ion. We assume t.hat. purely vert.ical 
and t.ransverse ship mot.ions and rat.e of change of yaw are 
negligible. Then it is possible to correct for ship motion by 
knowing its speed, roll, pitch, and roll and pitch rates. The 
angular orientations are sensed by pendulums located on the ship's 
roll and pitch axes. 
Table 3. Meteorological measurements made aboard the RV/Acania 
and the equipment used. 
Measurement 
Relative Wind Speed 
Relative Wind Direction 
Air Temperature (T) 
Dew Point Temperature (TD) 
Sea Surface Temperature (Ts) 
Wind Speed Fluctuation (U') 
Three Axis Wind Velocity 
and Fluctuation (b) 
Ship Roll and Roll Rate 
Ship Pitch and Pitch Rate (b) 




Aerosol Content (a} 
Cloud Cover and 
Weather Conditions 
a) Not used on BLM-4 
b) Used only on BLM-4 
Equipment 
MRI 1022 Wind System 
II 
100 Ohm Rosemount platinum 
resistor in a Gill aspirator 
General Eastern 1200 AP cooled 
mirror dew pointer, modified for 
4 wire resistance 
100 Ohm Rosemount platinum 
resistor and thermal balast in 
a floating tube and Barnes PRT-5 
infrared radiometer (a) 
TSI Constant Temperature 
Resistance Bridge and 60~ 
platinum coated quartz 
resistance probes 
Kaijo-Denki Ultrasonic Anemometer 
Pendulums on the ship's pitch 
and roll axes 
Aerovironment 300 acoustic sounder 
Radiosonde 
Loran C and Motorola 
Mini-Ranger III (b) 
Particle Measurement Systems 
Optical Counters 
Weather observations 
B. Data Acquisition and Recording 
Four methods of data acquisition and recording are used: 
strip charts, analog tape recorders, computer controlled data 
acquisition and recording systems, and spectral analysis. (Direct 
digital tape recording of aerosol data is also used but those data 
are not important for this work.) 
Strip chart recording is used only for the acoustic sounder, 
relative wind direction and speed, and the wind fluctuation 
signals from the hot films (TSI system). The internal strip chart 
is the only output available from the acoustic sounder. The other 
strip chart data are seldom used for analysis. These recordings 
are made because they provide an immediate check on shipboard 
conditions. 
The analog tape recorder is essentially a back up instrument. 
Every signal that can be is recorded in this manner. The tempera-
tures are measured by resistors, which cannot be readily analog 
recorded. If failure of the primary data acquisition equipment 
should occur, it is possible to retrieve the data by using this 
recording. 
The central data acquisition components are the computer 
controlled data acquisition systems. Two are used: one dedicated 
to the ultrasonic anemometer and the ship motion sensors, the 
second devoted to obtaining meteorological data. A computer 
operates a scanner, voltmeter, and printer, and files data and 
calculated parameters on its internal cassette tape. 
The basic procedure for acquiring data for a given time 
period and averaging using a computer and.scanner is straight-
forward and will not be described here. We store only averaged 
JC 
data and calculated parameters to prevent using a large amount of 
computer memory and/or tape storage. All of the data and 
parameters are also printed at the end of an averaging period, 
providing a l1ard copy output and real time assessment of systems 
behavior. 
The actual averaging used is somewhat complex since we need 
to obtain both short term averages for turbulence parameters and 
long term averages for mean parameters. We use 10 sec and 
one-half hour intervals for the averaging periods. A data 
acquisition cycle takes approximately l sec so that 10 readings 
are obtained for each short term average. All 10 sec averages are 
held in computer memory until the end of the one-half hour period, 
when they and the mean data are averaged for the period. Then 
both short and long-term averages are stored on tape and all 
long-term averages are printed. 
True wind direction, corrected for ship's roll, and the true 
wind speed are obtained as short term averages from the 
meteorological data acquisition system. The ultrasonic anemometer 
outputs are processed to obtain short term averages of the three 
wind vectors, corrected for ship's pitch and roll. 
Spectral analysis has two functions: to determine the power 
spectral density of turbulence signals and to detect and identify 
system noise which would invalidate results obtained by other 
acquisition methods. It is normally used on a regular basis only 
for the hot-film signals. 
)' 
II-6. SFg Gas Release, Equipment and Rates 
The SF6 used in these experiments was contained, in liquid 
form, in pressurized cylinders. When it is released, expansion 
produces considerable cooling, which can make maintaining a 
constant flow difficult. For this reason, the gas is passed 
through a heated manifold, shown in Figure 6, to bring it to 
ambient temperature before the flow measurement and gas release. 
Heating the manifold is accomplished by blowing air over a Variac 
controlled heating element, and flowing that air over the manifold 
in a wooden enclosure. As many as four bottles can be connected 
to the manifold. The number of bottles used depends on the flow 
rate. Using more bottles decreases the expansion rate and the 
cooling. 
The output fror.t the manifold goes to a pressure regulator, a 
rotameter for coarse monitoring of the flow, and the flow 
measuring device. For BLI.-1-1 and 2 the flow was measured by a 
calibrated rotameter supplied by AeroVironment, Inc.; for BLM-3 
and 4, SRI used a Dresser Roots Meter. 
During BLM-1 and 2 the gas was released through a ship's 
exhaust stack at 26'7" above the water. During BLM-3 and 4 the 
release was at 43' and 44'8" above the water respectively, with 
the gas at ambient temperature. The pertinent parameters to 
calculate plume rise for the cases of the gas released with the 
heated exhaust are given in Table 3. 
The flow rates in Table 3 are determined from the weights of 
the gas bottles before and after a release and the elapsed time. 
The bottles were weighed by NPS before and after the start of a 
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middle of the cruise). Checks on bottle weights over a long 
period has shown that leakage while not in use is insignificant. 
Note that flow rates are not available for BLM-4. This was due to 
operator failure when performing the initial weighing for that 
cruise. 
The flow rat.e det.ermined from bott.le weight. is a useful 
quantity, and should perhaps be the absolute calibration for 
determining the total amount of gas released. The nominal release 
rat.e for BLM-1 and 2 and t.he first experiment. of BLM-3; was 50 
lbs/hr; all subsequent experiments used 25 lbs/hr. For BLM-1 and 
2 the weight determined flow was somewhat less than the flowmeter 
value, which was reasonable considering the low accuracy of the 
rot.omet.er used. For BLM-3 t.he weight. det.ermined value was about. 
20% high. This was surprising since an accurat.e Root.s met.er was 
used for cont.inuous flow monit.oring. One possible explanat.ion for 
the discrepancy is undetected gas leaks between the bottles and 
t.he flow met.er. 
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Table 4. Flow characteristics of the SF6 gas releases for the t 
four BLM experiments. 
Exhaust SF6 Plume Hea 
Flow & Temp Flow Rate Output 
Release (Cu ft/hr) (Cu ft/hr) (lbs/hr) (Watts) 
BLM-1 #1 19.lxlo3 (99°C) 126 49.01 4440 
#2 14.9xl03 (121°C) 131 50.74 4370 
#3 II 125 48.54 
#4 II 124 47.91 
BLM-2 #1 II 125 48.35 
#2 II 124 48.06 
#3 II 115 44.45 
#4 II 119 46.21 
BLM-3 #1 None 153 59.40 None 
#2 " 77.6 30.09 II 
#3 II 77.1 29.88 II 
#4 II 74.9 29.05 It 
#5 II 75.5 29.25 II 
BLH-4 #1 II Not Available 
II 
#2 II II " 
#3 II " II 
#4 II II II 
#5 II II " 
III Data Reduction Methods 
Data reduction is directed toward producing mean meteorolog-
ical parameters and parameters which describe the turbulence in 
the marine layer. The mean quantities are easy to calculate from 
sensor response functions and the techniques need not be described 
here. Characterizing the turbulence requires sophisticated 
techniques and is subject to error caused by measurement 
uncert.aint.ies and by misint.erpret.at.ion of t.he measurement.s. In 
t.his sect.ion t.he several met.hods used t.o make t.hese 
determinations are described. The redundancy in methods provides 
cross checks on the results. 
The quant.i t.ies of int.erest. are t.he horizont.al wind direct.ion 
variance 0' 8 , t.he vert.ical wind direct.ion variance 0' ¢' the wind 
speed variances 0' U' ov, and ow, t.he rat.e of dissipat.ion of 
t.urbulence kinet.ic energy, t.he frict.ion velocit.y, and t.he 
convective mixing velocity. All of these quantities describe 
various aspects of t.urbulence mixing in t.he at.mosphere and are 
important for describing expected plume properties. Also, some 
measure of t.he hydrost.at.ic st.abilit.y must. be made t.o charact.erize 
t.he st.ate of t.he surface layer. For t.his we use t.he Monin-Obukhov 
lengt.h. 
Det.erminat.ion of t.he wind variances is st.raight.forward. Ten 
second averages of all component.s, correct.ed for pit.ch, roll, and 
ship velocit.y are available from t.he dat.a acquisition syst.em 
stored dat.a. These quant.it.ies can be used as is or formed int.o 
longer t.erm averages and t.hus re lat.ed t.o short. and long term plume 
propert.ies. The only redundency here is t.hat. direct-.ion variances 
J6 
can be determined both from the ultrasonic anemometer and from the 
cup and vane wind data. 
The stability, friction velocity, dissipation rate, and 
mixing velocity are all determined using the bulk-aerodynamic 
method. The method is valuable because it makes use of readily 
measured quantities, specifically} differences in mean 
temperature, \vind, and water vapor at the surface and at some 
reference height. Turbulence measurements from the hot films can 
also b~ used to determine these parameters. This is the back up 
method used to check the validity of the results. The bulk method 
is described below in detail, followed by a brief description of 
the signal processing and calculations involved in the turbulence 
method. 
A. Bulk Aerodynamic Method 
In this method it is assumed that the pertinent 
meteorological parameters (T = temperature, U = wind speed, and 
q = water vapor mixing ratio) have vertical gradients which are 
inversely proportional to height, z. The magnitude of a gradient 
is parameterized by a scaling quantity, X* (X = T, U, q) and a 
stability correction function <Px(~): 
dX 
dZ 
~ = Z/L, with L the Monin-Obukhov length, is the stability 
( 1) 
parameter used. K is VonKarman's constant, 0.35, and ax is the 
turbulence diffusivity ratio (au= 1). For convenience we drop 
the subscript on a. 
Current evidence shows that transport of the scalars, heat 
and water vapor, obey the same relationship to their gradients. 
Thus <PT = <Pq and a.T = a.q = 1.35. The stability correction 
functions are:lO 
~<0 
= 1+6.4~ ~>0 = 1+4. 7~ ( 2) 
The Monin-Obukhov length is a measure of the balance between wind 
driven turbulence and buoyancy. It is defined as 
T (wu) 2 
L = 
Kg ( WB"") (3) 
where g is the acceleration due to gravity. For our purposes it 
is most convenient to rewrite L in terms of the scaling 
parameters: 
L = 
Kg 8v* ( 4) 
ev is the virtual potential temperature. 
The above are the basic equations used to describe the 
atmospheric surface layer. The bulk method uses measurements of 
mean properties to evaluate L and the X*. In order to develop 
the needed relations Equation 2 is integrated from the surface to 
the measurement height, z. The integration is actually carried 
out from some reference height, Z0 x, very near the surface. 
Z0 x, the roughness length, is used in recognition of the fact 
that the logarithmic profile may not extend all the way to the 
surface. For measurement purposes, a measurement at the surface, 
rather than at Z0 , is used with no loss of accuracy. The 
integration gives z 
x* L <l>x <~) Xz - Xs = -- dZ 
a.K O Z 
= X* ~n z - 'fJ X(~ ) ] , 
Zox L Zox 
where Xs is the surface value and 'fJx(~) is the profile 
(5) 
stability function. The profile stability functions are obtained 
upon performing the integration and are: 
~ >0: 
~ <0: 
VJT = -6. 5~ 
l)JT 
1+x 
= 2 1n(-} 
2 
VJU = -4. 7~ 
with x = (1-9~)1/2 
1+y 1+y2 
= 2 1n (---) + 1n (----) - 2 tan-1y + ~ 
2 2 2 
with y = (1 - 15~)1/4 
(6) 
The difficulty in carrying out analyses of data is 
immediat.ely apparent upon examination of Equations 4 and 5. They 
cannot be solved analyt.ically for X* and l;, necessit.at.ing t.he 
use of an iterative calculation with a convergence test. Note 
t.hat. t.here are t.wo homogeneous equat.ions and t.hree unknowns: X*, 
l;(or L), and Z0 x· In order to use an iterative calculation 
the number of unknowns must be reduced to two. This is done by 
determining the roughness length, Z0 , from the wind speed (for X 
= U we drop the subscript) and assuming a constant value for 
ZoT· This will be described more fully below. 
In developing the iteration scheme it is more convenient to 
rewrite Equation 5 in terms of the drag coefficient. The drag 
coefficient, Cx, is defined to be the constant of proportion-
ality bet.ween t.he scaling parameter and t.he air-sea difference. 
(7) 
Thus, from Equation 5, the drag coefficient is 
( 8) 
where t.he neut.ral st.abilit.y drag coefficient. is defined as 
O.K 
= ln Z/Z0 • 
(9) 
LO 
The stability parameter, ~ = Z/L, can be expanded from 
Equation 4 as 
~ = 
gZ 8* + 0.61 Tq* 
T u*2 
(10} 
For the humidity correction term, T = 288°C is used and 
0.61 T ~ 0.18 (q in gm/kg), introducing negligible error. 
Rewriting in drag coefficient form gives 
(11} 
with 
KgZ CNT (8-8s} + O.l8(q-q~) 
~0 = --- --- ----------~--------T CNU U 
(12} 
where U = 0 is assumed at the surface. Note that ~0 depends 
only on the measured meteorological quantities and the neutral 
stability drag coefficients. Thus, it can be directly determined 
and used as the first estimate in determining ~ for the iteration 
0 
scheme. 
Either the neutral stability drag coefficient or the 
roughness length can be specified to reduce the number of unknowns 
to two (they are related by Equation 9). The former is done here. 
For temperature the drag coefficient isll 
41 
CNT = 1.3 x 10-3, 
whereas for wind the formulation of Kondol2 is used (for a 
height z = 10m): 
U(m/sec) 
0.3 - 2.2 
2.2 - 5.0 
5.0 - 8.0 
8.0- 25 
CNTI X 103 
1. 08 u-L 5 
0.77 + 0.086 u 
0.87 + 0.067 u 
1.20 + 0.025 u 
(13} 
( 14) 
The iteration scheme used to perform the data analysis is as 
follows: 
l. Calculate qs from Ts assuming a relative humidity of 
100% at the surface. Calculate q from T and the relative 
humidity or from the dew point temperature, TD. 
2. Calculate ~ 0 from Equation 12 using the meteorological 
data and the neutral stability drag coefficients. 
3. Calculate l/J u and l/J T from Equation 6. 
4. Calculate ~ from Equation 11. 
5. Iterate steps 3 and 4 until the desired accuracy is 
obtained, giving~ (and L). 
6. Calculate U*, 6*, and q* from Equation 7. 
B. Turbulence Method 
The fluctuation signal from the constant temperature film is 
analyzed by determining the power spectral density in the inertial 
subrange. For this purpose two methods, are used l) spectral 
analysis and 2) determining the rms level of the signal after band 
pass filtering. The purpose is to obtain U* and the rate of 
dissipation of turbulent kinetic energy, 
are related byl3 
These two parameters 
where ~E is the dissipation stability function. It is calculated 
using the bulk determined ~ in the following equations 
~ 
8 
< ~ < o > = < 1 + o. 51 c,: 1 2 I 3 > 3/2 , 
q,
8
(E;;>O) = (1 + 2.5~ 2/3)3/2. (16) 
The power spectral density is related to the dissipation rate 
by 
s < k) = o. 5 e: 2 I 3 k ~5 I 3 , < 17 > 
where k is the wavenumber of the turbulence. If the fluctuation 
signal from a single sensor is bandpass filtered at lower and 
upper wave numbers k and ku, then the square of the rms signal is 
k 
{ U • rms ) 2 = lu S ( k) dk • 
kR, 
(18) 
Substituting Equation 17, integrating, and introducing frequency 
using the frozen turbulence hypothesis, k = 2 flU, gives 
c-213 = _4 (2 'IT\2/3 
c. 3 u ·j (U' rms) 2 I ( f R--213-fu-2/3}. 
Thus, a measurement of the rms signal yields E directly. 
(19) 
The spectral analysis method uses Equation 17. A spectrum 
analyzer gives the power spectral density as a function of 
frequency. Thus, Equation 17 is rewritten for frequency using 
fS(f) = kS(k) and solving for s. 
( 
2TI"l2/3 2/3 = 2-- fS/3 S(f). 
£ u 
(20) 
A 5/3 slope is fit.ted t.hrough t.he spect.rum in t.he inert.ial 
subrange ( 5 t.o 100 Hz) and ext.rapolat.ed t.o f = 1 Hz t.o det.ermine 
S ( 1 Hz). 
In both Equat.ions 19 and 20 t.he wind speed fluct.uat.ion signal 
is needed, whereas measurements yield a voltage fluctuation level. 
The wind speed signal can be obtained from t.he response funct.ion 
of t.he const.ant. t.emperat.ure films used as sensors. The volt.age 
response to wind speed is given by 
v2 = vo2 + B-fD. 
Differentiating this equation gives 
dU/dV = 4 V~/B. 
Thus 
S(l Hz) = (4V~/B)Sv(l Hz) 
where V'rms is the measured rms voltage fluctuation and 





determined by the spectrum analyzer. Equations 23 and 24 are 
substituted into Equations 19 and 20 to yield the final equations 
used t.o det.ermine £. Not.e t.hat. t.he measurement.s are always made 
over a time interval of the order of one-half hour. V and U are 
the voltage and wind speed averages over that period. 
C. Convective Mixing Velocity 
The above dat.a analysis is made on dat.a gat.hered in t.he 
at.mosphere' s surface layer (perhaps 50 m deep) and applies t.o t.hat. 
region. The scaling parameters determined can be used to 
I I 
'+'+ 
calculate the surface layer fluxes of momentum, heat, and water 
vapor: 
( 25) 
Fq = -u *q*. 
These are not the true fluxes, but those normalized by density and 
specific heat. Fh is the virtual rather than the sensible heat 
flux. 
The surface layer scaling developed above applies only to 
that layer. If the boundary layer is well mixed covective scaling 
applies in the region above the surface layer. The appropriate 
scaling parameters for this region are 14 
z. 
~ 
~* = [(g/T)Fh Zi]l/3 
H* = Fh/w * 
(26) 
Zi is the boundary layer depth, normally defined by the height 
of an inversion layer, and w* is the convective mixing velocity. 
W* is the appropriate velocity to use to determine the rate 
of mixing in the convective boundary layer. This has been 
demonstrated by previous SF 6 tracer experimentslS and by 
laboratory experiments.l6 
Equation (26) is not correct for the cloud topped boundary 
layer. In that case the presence of the cloud modifies the heat 
flux due to release of latent heat upon condensation and 
absorption and emmission of radiation. The term Fh must be 
replaced with 2.5 <Fh>, the average heat flux in the boundary 
layer. Ues of the equation as it stands will typically lead to 
underestimates of about 30% (it is this small due to the l/3 power 
dependence of w * on Fh) . 
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A. Gas Release Locations and Times 
The location of the RV/Acania during each SF6 gas release 
and the release start and end times are listed in Table 5. The 
ship locations listed were determined by the ship's Loran C. 
Table 5. Locations and start and end times for tracer gas 
releases. Times are Pacific Local. 
Release Date Latitude Longitude Start Time End Time 
BLM-1 
l 9/24 34°14.2 'N ll9°2L2'W 1135 1900 
2 9/27 34°l4.8'N 119 °21. l'W 1107 1815 
3 9/28, 34°14.2 'N ll9°2l.l'W 1243 1900 
4 9/29 34°12.8'N 119°20.4'W 1143 1900 
BLM-2 
1 1/6 34°15.0'N 1l9°20.0'W 1322 1800 
2 1/9 34°l4.4'N 1l9°20.3'W 1123 1800 
3 1/13 34°14.4'N 119°20.3'W 1134 1702 
4 1/15 34°11.4'N 119°19.4'W 1406 1700 
BLM-3 
1 12/8 35°2.6'N 120°42.1'W 1158 1658 
2 12/11 35°4.0'N 120°41.9 •w 1229 1849 
3 12/13 35°2.9'N 120°42.0'W 1152 1852 
4 12/14 35°3.3'N 120°41.8 •w 1038 1858 
5 12/15 35°3.5'N 120°4L8'W 1117 1902 
BLM-4 
1 6/21 35°2.9'N 120°42.1'W 1221 1800 
2 6/22 35°0.5'N 120°42.3'W 1339 2000 
3 6/24 35°2.1'N 120°42.0'W 1148 1800 
4 6/25 35°2.2'N 120°42.1'W 1040 1800 
5 6/27 35°3.5'N 120°42.0'W 1030 1800 
IV. Data and Results 
In the following sections the data for the four cruises and 
the calculated results are presented. The sections are grouped 
according to the type of data, not the cruise, in order to make it 
easier to compare data from all cruises. 
IV-1. Wind Histories 
During the time the ship was on station, wind data was 
obtained at least every one-half hour. These data are plotted and 
yield a real-time history which is useful for planning the times 
of tracer gas releases. The data are presented in Figures 10, 
with three days plotted in sequence so that the diurnal land-sea 
breeze cycle can be readily identified. 
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IV-2. Acoustic Sounder 
The acoustic sounder was operated continuously t.hroughout all 
cruises to obt'.ain a continuous record of the boundary layer dept'.h, 
in order t.o define t.he height. of t.he mixing region. This 
instrument is very useful when there is a single, well defined, 
temperature inversion yielding an unambiguous indication on the 
sounder strip chart. As can be seen from examination of the 
resul t.s, t.his is not. always t.he case. 
The sounder transmits a pulse of acoustic energy and receives 
reflected sound that is scattered from small scale speed of sound 
inhomogenities, which are mainly due to temperature 
inhomogenei t.ies. These inhomogeneities occur due t.o t.he t.urbulent. 
mixing of air of varying temperature in the region of a 
temperature inversion, in thermal plumes, and any other region 
where inhomogeneities exist. Thermal plumes are easily identified 
since they give a strong near surface return. The strongest 
acoustic echo that is not associated with thermal plumes is 
normally from t.he base of an inversion. However, when t.he 
temperature gradient at the inversion is weak this may not be the 
case. In many cases t.here may be several echos from different. 
heights so that the mixing layer depth cannot be determined 
without additional data, such as from a radiosonde. 
Photographs of the acoustic sounder strip chart outputs are 
present.ed in Figures 11. The dark bands on t.he charts are due t.o 
the increase in ambient noise that occurs when the ship is in 
mot.ion. Small black or whit.e dot.s on t.he phot.ographs show t.he 
height.s of t.he base of the t.emperat.ure inversions as det.ermined 
from t.he radiosondes. 
It is not easy to interpret these data from the photographs 
in Figure 9. Thus, tables of the heights of the acoustic echo 
returns, averaged for each half-hour, are given in Tables 6a-d. 
The boundary layer depths, as determined from the 
radiosondes, are given in Table 7. Examination of the radiosonde 
profiles, Figures 12, shows that the potential temperature and 
water vapor mixing ratio do not always identify the same height 
for the boundary layer. In many such cases the discrepancy is due 
to the poor response of the radiosonde relative huQidity sensor 
when leaving the top of a cloud. In such cases we rely on the 
temperature sensor to identify the boundary layer height. 
Several returns can occur at one time, one of which may be 
the height of the base of the inversion. He arbitrarily assign 
the return heights as zi, Z2, or Z3 in the tables. The only 
rationale in the assignment is to make it possible to easily 
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Table 6a. Heights from 1..rhich- aoo:ustic ea.'l.os were detected from t.l-].e acoustic 
sounder for Bil\1-1. 
~ 
height(m) height(m) 
DATE TIME z, z? DATE TIME ZI z? 
09/21 0900 0 9/22 1700 260 
1130 0 1730 310 
1200 90 1800 320 
1230 120 1830 340 
1300 100 1900 280 
1330 70 2000 360 
1500 60 ~ _llO 
1530 70 2100 360 
1600 70 ~ _!QQ 1630 0 2200 3_70 
1730 0 160 2230 380 
1800 0 210 230U 300 
1830 80 260 2330 330 
1900 120 2400 320 
1930 180 
2000 240 9/23 U030 340 
2030 300 0100 340 
2100 340 0130 330 
2130 290 0200 320 
2200 190 0230 _l_IO 
2230 0 UJUU J~U 
2300 300 0330 330 
2330 340 0400 320 
2400 380 0430 310 
0500 320 
9/22 0030 400 0530 330 
0100 430 _l)()OO 310 
0130 460 0630 320 
0145 350 0700 300 
0200 220 0730 320 
0230 190 0800 310 
0300 160 0830 340 
0330 140 090U 330 
0400 80 0930 340 
0600 0 1000 320 
0630 280 1030 310 
0700 320 1100 330 
0730 410 1130 340 
0800 460 1200 350 
0830 500 1230 360 
0900 520 1300 370 
0930 550 1330 350 
1000 560 1400 330 
1030 570 1430 310 
1100 580 1500 320 
1130 140 580 1530 330 
1200 230 590 1600 310 
1400 1630 300 
1430 220 520 1700 290 
1500 220 450 1730 280 
1530 240 410 1800 260 
1600 210 I 1830 270 




DATE TIME Zl z2 DATE TIME 
__!!_ z2 
9/23 1930 300 9/24 2130 21o-
2000 290 2200 170 
2030 -no- -- 2230 160 ----
2100 300 2300 -ra-o-- -------
2130 240 -----,- 2330 -2~ -------
-- 2200 210 
-- 2230 200 --9/25- --oooo- 220 ------
-------2300 180 0030 210 
2330 ---wo- 0100 230 ---------
- 0130 290 
9/24- 0000 210 0200 310 -----
0030 190 390 ----- 0230 330 -------
0100 -230- ------- 0300 320 -----
---
- 0130 250 -----· -033o- 300 ----
0200 -270 -- ------ 0400 290 -------
0230 ---roo- -- 0430 300 -----
0300 310 0500 -320 ----
0330 320 ------ 0530 -31"0 -----
--0400 340 0 600 300 
---·-0430 320 0630 290 
------ 0500 330 ----- 0700 240 
0530 340 0730 270 
·-- ----0600 320 0300 250 
0630 310 -- 0830 270 -----
0700 290 0900 260 
------0730 310 0930 250 
0800 320 1000 240 
------0830 310 





1100 320 9/2'~ --1300- -3so-
----1130 330 1330 350 380 
-----1200 350 1400 360 
1230 360 ------ 1_430 310 -----
-~ 
--·---1300 340 1500 280 
--1330 350 1530 300 
1400 340 1600 240 --340--
--1430 310 1630 270 
----1500 280 1700 280 
---1530 270 1730 290 
1600 250 1800 300 
----·----1630 270 1830 320 
-----1700 280 1900 330 
-r73{)" 270 ----- -193{)" 310 --
1800 280 -- 2000 240 330 
----- 1830 270 2030 250 
1900 ~a- -- 2100 220 ---
- 19~ ~o- 2130 240 
-26~ 260 2200 220 -----
2030 240 2230 -210-- ----
















0100 210 0230 250 
0130 220 0300 260 
0200 250 0330 270 
0230 240 0400 260 
0300 260 0430 270 
0330 250 0500 250 ------
0400 260 0530 
0430 270 ------ 0600 
0500 ~() ----- 0630 ---zoo 
0530 270 0700 
0600 270 ---- 0730 
---0 6-:r-o- 290 0800 
0700 200 --083'0 ------
0730 180 280 ----- 0900 
0800 300 -wo- -----0930 250 
0830 330 440 1000 230 
0900 340 450 1030 240 
0930 280 400 1100 300 
1000 160 380 1130 290 
1030 180 380 1200 260 
1100 240 1230 210 
1130 230 1300 200 
------1200 210 1330 170 
1230 240 1400 150 
--1300 230 1430 160 
1330 210 1500 120 -------
-- ------1400 200 1530 110 
1430 210 -------- 1600 120 ----
1500 140 --rro 
--
1630 140 
-----1530 130 240 1700 130 
1600,_ 110 250 1730 120 
----1630 120 270 1800 110 
1700 110 290 -rs~ 130 -----
----- -------1730 130 340 1900 




-- --- ----2000 100 
2030 110 220 ----
---2100 90 230 
2130 220 250 












--280 __ _ 
-------2330 200 280 0530 240 
0600 310 
9/28 0000 200 ----,-- 0630 320 ---------
-----0030 280 0700 350 
·-0100 0730 380 
0130 0800 390 
' 0200 -280- 0330 360 ------
-----
height(m) height(m}. 







2030 ~ 240 
~~ 1000 360 380 2100 2130 --
---- 1030 400 80 2200 -1Io 
1100 ~so ---n~ 140 
1130 80 370 2300 -iso 
1200 400 2330 130 
1230 410 ------
1300 100 ---.nro ·---
1330 80 390 
1400 410 10/3 0000 120 
1430 420 - 0030 110 
1500 380 0100 90 
1530 ~0 ------ 0130 -----110 
1600 330 0200 100 -----
1630 310 0230 130 
1700 320 --- 0300 140 









1900 270 0500 120 
0530 140 


















---- -----1130 140 
-------· 1200 150 
----1230 140 
















Table 6b. Heights from 'INhich acoustic echos were detected from the acoustic 
sounder for BLM-2. 
height{m) height{m) 
DA'lE TIME zl z2 DA'm TIME zl I z2 
1/6 1230 120 1/8 1936 R 320-600 
1300 140 2000 330 
1330 140 2100 320 
1400 160 2200 320 
1700 180 2230 240 
1730 180 2300 270 
1800 240 2330 360 
1830 160 
1900 300 1/9 0430 200 
1930 280 0500 190 
0530 200 300 
2000 300 0600 200 300 
2030 200 0630 160 240 




1/7 0200 140 1000 160 
0600 120 1030 100 
1100 100 
0900 120 1130 100 
1100 80 1200 120 
1130 80 1230 140 
1200 80 1430 100 
1230 100· 180 1530 260 
1300 200 1600 360 
1500 250 1630 140 300 
1530 260 1700 180 340 
1600 200 1730 300 
1730 160 1800 260 
1930 300 1900 80 160 
2000 300 1930 200 
2130 400 2000 160 
2200 280 2030 120 280 
2230 160 450 2100 120 
2300 120 
2330 340 1/13 0200 160 
2400 440 0230 220 
0300 260 
0330 250 
1/8 0030 520 0400 260 
0100 500 0430 240 
0130 540 0500 220 
0200 100 0800 180 500 
0230 140 
-0300 80 1800 100 
0330 100 1830 130 
0400 100 1900 120 
0530 260 1930 100 
0830 180 2000 140 
height(m) beight(m) 
DATE Tn-1E z z 1 2 DATE Tn-.1E z1 z2 
1/13 2030 160 1/15 1200 120 
2100 200 1230 160 
2130 180 1300 200 
2330 180 1530 100 
1600 350 
1/14 0130 100 1630 260 
0200 180 1700 150 
0230 180 
0300 160 -
0400 80 1/16 
0500 100 1000 550 




1100 170 2200 220 
1130 160 2230 160 260 
1200 100 2300 100 













2130 160 240 
2200 200 300 
~230 210 300 
2300 300 
23~0 190 

















Table 6c. Heights frcm which acoustic echos -were detected fran the aooustic 
sounder for BU1-3. · 
z2 'OA.TE TTMF. 
height(m) 
zl z2 DATE TIME 
height(m) 
zl 
12-6-81 0900 1230 300 




1030 1400 245 
1100 1430 200 
1130 480 1500 190 
1200 420 1530 160 
12~0 360 70 1600 
1300 350 90 1630 
1330 320 100 1700 
1400 100 1730 
1430 1;1.0 1800 
1500 110 1830 170 
1530 100 1900 180 
1600 120 1930 160 
1630 130 2000 150 
1700 360 2030 170 
1730 320 2100 160 
1800 330 2130 170 
1830 360 2200 190 
1900 380 2230 190 
1930 350 2300 250 
2000 240 2330 
2030 180 2400 
2100 140 12-8-81 0030 120 
2130 250 0100 130 230 
2200 220 0130 110 170 
2230 180 0200 130 
2300 150 0230 160 
2330 140 0300 180 
12-7-81 0000 160 0330 150 
0030 160 0400 130 
0200 200 0430 150 
~ 0230 230 0500 160 
0300 170 0530 150 
0330 220 0600 120 
0400 180 0630 150 
0430 140 0700 130 
0500 0730 
0530 260 0800 
0600 220 0830 
0630 240 0900 
0700 210 0930 340 
0730 170 1000 350 
0800 160 1030 330 
0830 210 1100 
0900 250 1130 
0930 280 1200 300 
1000 240 1230 260 
1030 200 1300 210 
1100 1330 220 
1130 225 1400 220 
1200 240 1430 230 
height{m) height{m) 
DATE 1-IME z z 1 2 DATE TIME z z 1 2 
12-8-81 1500 250 1730 230 360 
1530 210 1800 260 360 
1600 200 1830 270 
1630 210 1900 250 80 
1700 170 300 1930 270 200 
1730 160 320 2000 340 160 
1800 150 280 .2030 300 140 
1830 140 290 2100 340 580 
1900 140 280 2130 240 570 
1930 310 2200 280 520 
2000 290 2230 290 450 
2030 2300 300 200 
2100 2330 310 170 
2130 2400 250 130 
2200 80 12-10-81 0030 140 
/ 2230 125 0100 130 
2300 110 260 0130 240 
2330 120 280 0200 340 
2400 200 350 0230 290 
12-9-81 0030 290 0300 270 
0100 280 0330 190 
0130 240 0400 
0200 290 0430 340 
0230 270 0500 250 
0300 280 0530 190 
0330 310 0600 150 
04_00 290 0630 110 
0430 250 0700 120 
0500 200 0730 150 
0530 220 0800 210 
0600 240 0830 200 
0630 310 0900 
0700 350 0930 
0730 330 1000 
0800 320 1030 
0830 310 1100 
0900 330 1130 
0930 360 1200 190 
1000 410 1230 240 
1030 540 1300 230 
1100 600 1330 100 
1130 540 1400 
1200 640 1430 
1230 660 1500 
1300 680 1530 
1330 500 680 1600 
1400 430 720 1630 
1430 440 700 1700 
1500 430 780 1730 
1530 425 750 1800 
1600 380 500 1830 410 
1630 350 440 1900 420 
1700 310 460 1930 440 
height{m) height{m) 
DATE TIME z z 1 2 DATE TIME z 1 z2 
12-10-81 2000 490 2230 400 
2030 510 2300 380 
2100 490 2330 320 
2130 460 2400 340 
2200 430 12-12-81 003_Q_ 420 310 
2230 440 0100 430 320 
2300 380 0130 450 330 
2330 390 0200 440 320 
2400 340 0230 440 280 
12-11-81 0030 ___. 0300 450 260 
0100 0330 430 260 
0130 0400 400 260 
0200 0430 370 
0230 0500 350 
0300 0530 330 
0330 0600 300 
0400 0630 310 
0430 510 0700 320 
0500 460 .. 0730 280 
0530 460 0800 250 
0600 470 0830 230 
0630 490 0900 
0700 480 0930 100 
0730 460 1000 120 
0800 480 1030 140 
0830 420 1100 100 
0900 360 1130 
0930 420 1200 450 
1000 430 1230 200 700 
1030 370 1300 140 450 
1100 350 1330 200 340 




1330 100 1600 
1400 160 1630 






1730 2000 420 
1800 2030 500 
1830 180 2100 
1900 2130 
1930 200 2200 700 
2000 230 2230 650 
2030 210 2300 600 
2100 220 2330 580 
2130 260 2400 580 
2200 350 12-13-81 0030 580 
height(m) height(m) 
DATE TIME z z l 2 DATE TIME z z l 2 
12-13-81 0100 580 0330 200 
0130 580 0400 220 400 
0200 540 0430 180 
0230 460 0500 160 250 
0300 450 0530 
0330 580 0600 140 
0400 580 0630 
0430 540 0700 
0500 480 0730 
0530 420 0800 
0600 430 0830 300 
0630 420 0900 
0700 390 0930 400 
0730 380 1000 
0800 400 1030 220 
0830 380 1100 240 
0900 350 1130 300 
0930 320 1200 
1000 280 1230 
1030 320 160 1300 
1].00 330 130 1330 
1130 300 100 1400 
1200 260 120 1430 
1230 250 160 1500 
1300 200 160 1530 
1330 250 180 1600 200 
1400 280 120 1630 200 
1430 240 60 1700 
1500 150 1730 200 
1530 120 1800 
1600 130 1830 230 
1630 1900 250 
1700 280 1930 320 210 
1730 2000 340 
1800 400 2030 380 
1830 2100 320 
1900 340 2130 280 
1930 280 2200 320 100 
2000 420 2230 140 
2030 2300 200 
2100 2330 320 
2130 2400 340 
2200 240 12-15-81 0030 310 
2230 160 0100 
2300 140 0130 330 
2330 100 0200 300 
2400 0230 240 
12-14-81 0030 210 0300 280 200 
0100 170 0330 200 
0130 140 0400 300 140 
0200 240 0430 
0230 0500 220 
0300 250 0530 160 
height{m) height(m) 
DATE TIME zl z 2 DATE TIME z z 1 2 
12-15-81 0600 140 500 0830 240 




0830 90 1100 
0900 120 1130 80 
0930 160 1200 170 
1000 300 140 1230 270 
1030 340 100 1300 
1100 360 150 1330 
1130 390 200 1400 110 
1200 1430 150 
1230 1500 160 
1300 1530 
1330 1600 
1400 400 1630 
1430 1700 140 
1500 1730 130 
1530 1800 220 
1600 380 1830 
1.630 1900 160 
1700 1930 100 
1730 220 2000 
1800 2030 140 
1830 2100 
1900 320 2130 
1930 310 2200 250 130 
2000 320 2230 270 
2030 2300 290 
2100 210 2330 
2130 2400 
2200 12-17-81 0030 
2230 0100 
2300 250 0130 
2330 0200 100 
2400 140 0230 120 
12-16-81 0030 0300 100 320 
0100 0330 340 
0130 0400 
0200 150 0430 140 280 
0230 0500 
0300 0530 380 
0330 170 0600 100 270 
0400 0630 120 300 
0430 160 0700 280 
0500 0730 
0530 230 0800 
0600 0830 
0630 0900 180 
0700 0930 
0730 1000 
0800 240 1030 
height(m) 
DATE TIME z z 1 2 DATE TIME 





























Table 6d. Heights from which acqustic echos were detected fran the aa:>ustic 
sounder for Bil·'l-4 • 
DATE/ height (m) z z Tn~ 1 2 z 3 
DA'l.E/ 




1300 260 750 1430 140 
1330 230 760 - 1500 170 
1400 220 770 1530 160 
1430 260 780 1600 110 
1500 260 770 1630 140 
1530 210 760 1700 220 
1600 210 760 1730 320 
1630 260 770 1800 360 
1700 210 750 1830 390 
1730 220 770 1900 350 
1800 210 760 1930 300 
1830 230 770 2000 310 
1900 270 770 2030 280 
1930 200 720 2100 270 
2000 120 750 2130 270 
2030 210 760 2200 150 
2100 170 720 2230 200 
2130 150 740 2300 220 
2200 750 2330 160 
2230 760 2400 140 
2300 740 6/22[82 
2330 710 0030 170 
6/21/82 0100 150 
0000 720 0130 130 
0030 740 0200 110 
0100 760 0230 140 
0130 760 0300 110 
0200 760 0330 120 
0230 760 0400 180 
0300 750 0430 190 
0330 740 0500 230 
0400 710 0530 170 
0430 710 0600 140 
0500 730 0630 110 
0530 700 0700 130 
0600 700 0730 180 
0630 660 0800 210 
0700 670 0830 290 
0730 720 0900 300 
0800 760 0930 300 
0830 760 1000 310 
0900 780 1030 350 
0930 90 820 1100 330 
1000 200 850 1130 240 
1030 240 820 1200 150 
1100 170 820 1230 
1130 80 790 1300 
1200 800 1330 
1230 810 1400 360 



























































































































































Tll.IJE z l 
height {m) 






0200 200 400 





0500 100 400 






0830 180 420 
0900 200 580 
0930 200 500 
1000 180 480 
1030 170 480 
1100 150 500 
1130 220 500 
1200 200 520 
1230 100 280 550 
1300 200 300 600 
1330 180 300 680 
1400 190 340 640 
1430 220 390 600 
1500 240 400 600 
1530 220 400 670 
1600 200 400 710 
1630 220 380 730 
1700 230 340 730 
1730 260 740 
1800 280 760 
1830 100 340 780 
1900 240,330 710 
1930 160 300,440 700 
2000 80 240,480 710 
2030 180 560,740 
2100 100 580,760 
2130 260 580,750 
2200 280 550,730 
2300 100 360 680 
2330 160 760 
2400 80 720 
6/25/82 
0030 160 760 
0100 240 780 
0130 120 800 
DATE/ height (m) 






0200 850 0330 220 
0230 760 0400 240 
0300 840 0430 160 
0330 160 820 0500 180 
0400 100 700 0530 160 
0430 730 0600 180 
0500 720 0630 120 
0530 710 0700 
0600 700 0730 100 
0630 710 0800 200 
0700 740 0830 160 
0730 720 0900 120 
0800 100 710 0930 80 
0830 160 670 1000 100 
0900 240 580 1030 80 
0930 270 660 1100 80 
1000 160 560 1130 120 
1030 90 380 1200 140 
1100 100 320 1230 160 
1130 140 300 1300 180 
1200 160 310 1330 240 
1230 200 360 . 1400 220 
1300 230 1430 160 
1330 230 350 1500 160 
1400 220 370 1530 200 
1430 180 240,350 1600 270 
1500 120 280,320 1630 220 
1530 120 270 1700 180 
1600 120 260 1730 280 
1630 120 260 1800 160 
1700 280 1830 160 
1730 260 1900 200 
1800 1930 300 
1830 2000 540 
1900 100 2030 500 
1930 160 2100 440 
2000 140 2130 380 
2030 90 2200 360 
2100 100 2230 340 
2130 120 2300 340 
2200 60 2330 70 360 
2230 90 640 2400 360 
2300 120 600 6/27/82 
2330 60 420 0030 240 
2400 450 0100 240 
6/26/82 0130 260 
0030 500 0200 100 210,280 
0100 90 480 0230 120 200,340 
0130 120 340 0300 100 200,280 
0200 340 0330 150 300 
0230 300 0400 140 270 
0300 280 0430 200 
DATE/ height (m} 
Tn.m zl z2 z3 
6/27/82 ' .. · .. ,:::..-. 
0500 140 200 
0530 100 200 
0600 180 230 
0630 100 200 
0700 110 
0730 110 160 
0800 80 180 






1130 90 270 










1700 80 200 
1730 100 240 
1800 100 250 
1830 100 300 
1900 100 200 410 
1930 100 240 520 
2000 100 300 600 
2030 100 360 620 
2100 100 390 630 
2130 100 440 680 
2200 460 710 
2230 300 680 
2300 80 330 630 
2330 390 620 
2400 380 640 
6/28/82 
0030 360 660 
0100 310 680 
0130 260 730 
0200 180 740 
0230 840 
0300 760 
0330 100 840 
0400 170 700 
0430 230 660 
0500 230 660 
0530 230 690 








































































































height (m) height (m) 
















1130 1300 100 
1200 1330 120 
1230 1400 170 
1300 1430 240 
1330 1500 270 
1400 1530 300 
1430 1600 360 
1500 1630 340 
1530 1700 340 
1600 1730 320 
1630 1800 400 
1700 1830 460 
1730 1900 540 
1800 1930 650 
1830 2000 750 
1900 2030 740 
1930 2100 710 
2000 2130 660 
2030 2200 600 
2100 2230 580 
2130 2300 580 
2200 2330 610 
2230 2400 630 
2300 7JIL82 
2330 0030 670 
2400 0100 720 
6/30/82 ' 0130 730 
0030 0200 740 
0100 360 0230 770 
0130 420 0300 670 
0200 380 0330 710 
0230 0400 700 
0300 0430 720 












0630 300 . 0800 370 
0700 300 0830 360 
0730 300 0900 350 
0800 220 0930 340 
0830 200 1000 100 270 
0900 300 1030 100 280 
DATE/ z hei~t em: 
- .. z3:. 
DATE/ 
zl pei~t (m z3 Tn4E 1 2 Tll-1E 2 
7/l/S2 
1100 100 390 
1130 140 400 
1200 120 360 
1230 200 370 
1300 280 380 
1330 290 400 
1400 220 
1430 310 \ 
9.3 
Table 7. Boundary layer depth as determined fran radiosondes 
BIM-1 BIM-2 BIM-3 BIM-4 
.Date/Time Zj (m) Date/Time Zj (m) Date/Time Zj (m) Date Time Zj (m) 
9/21-1205 70 1/5 -1953 230 12/6-1615 340 6 21-1100 890 
22-G015 360 6 -o740 110 7-0450 150 1535 840 
1215 800 1905 60 1645 130 22-0000 810 
23-0715 370 1 -o8oo 5 8-0450 5 0900 720 
1250 340 1850 270 1445 5 1500 800 
24-0010 220 8 -0815 570 1825 130 2345 750 
1215 310 1915 410 9-0435 230 23-0900 600 
25-0040 230 9 -0810 80 1635 980 1500 600 
27-0607 400 1800 100 10-0435 5 24-0000 260 
1820 400 13-1930 140 1640 1270 0900 470 
28-0740 280 14-0705 40 11-0500 600 1500 550 
1705 260 1920 230 1445 630 25-0000 790 
29-0630 150 15-0830 150 1851 920 0900 420 
1735 30 0900 30 13-0507 150 1500 600 
30-1207 70 1905 220 1455 50 27-0000 480 
10/1-0025 5 16-0820 400 1620 5 1145 120 
1230 110 1935 280 14-2030 60 1500 90 
2200 5 15-1253 60 28-0000 410 
2-1040 20 2007 1110 0900 750 











IV-3. Radiosonde. Profiles and Mix~d.:r,.,ayer .Parameters 
During BLM-1,2 and 3, radiosondes were released from the ship 
twice a day, generally near 0700 and 1900, local time. During 
BLM-4 three daily releases were made, at 0900, 1500, and 2400, 
local time. This operation was performed by Navy radiosonde teams 
from the Naval Oceanography Command Facility, North Island,San 
Diego, CA. Upon completion of the launch and initial evaluation 
of a sounding, the team immediately reported the inversion height 
to the meteorology team watch so it could be logged into the data / 
acquisition system. The radiosonde determined inversion height 
was used when available because of difficulties in interpreting 
the acoustic sounder, which were described in the previous 
section. 
The common procedure of determining temperature and humidity 
at standard levels and significant points is too coarse for our 
purposes. He are interested in the detailed structure of the 
boundary layer. Thus, the original strip chart output and the 
radiosonde calibrations are used to obtain finer scale data. 
These data are then entered into a computer and the virtual 
potential temperature, e , and water vapor mixing ratio, q, 
v 
profiles calculated and plotted. These plots are digitized to 
produce the well mixed values of e and q in the boundary layer, 
v 
their jumps at the layer top (assuming no gradient or a 1st order 
jump) and the gradients above. The digitized results are then 
plotted as dashed line profiles and the determined quantities 
printed on the same graph. 
This procedure allows one to obtain as good a determination 
of boundary layer properties as is possible from these types of 
data. The well mixed values, jumps, and gradients above are the 
parameters that are needed as inputs to an integrated boundary 
layer model.l7 Examination of the graphs also allows one to 
determine quickly whether the layer is well mixed or not. 
There are two apparent sources of error in radiosonde 
results. The data from the lowest height, which is obtained at 
the ship, and the first reading after release, v1here the sonde has 
not come to equilibrium, are often in error and should not be 
used. Thus, it is not possible to use the radiosonde to determine 
surface layer properties. Also, the humidity sensor is not 
capable of determining a value below 20% so that errors can be 
introduced in the dry region above the marine layer. 
The fine scale radiosonde profiles and the and q digitized 
profiles are presented in Figures 12. The two types of plots for 
a given day are on facing pages for easy comparison. On the 
temperature/humidity plots the solid line is temperature and the 
dashed line humidity. On the potentential temperatue/specific 
humidity plots the curve on the right is potential temperature, 




REL HUMIDITY (%) 
' 
0 20 40 50 80 100 




t- ~ 2.0 I--




f- I- ~ 1 I \. 




I 1 . 0 - ...... ---1 ~ ~ \. \. t- ( I 
I I 











I 0.0 I I I I - _,_-_::.-::.. 
5 10 1 5 20 25 30 35 
"'..: ·-ur'" 12 ,. C' o ?1 c~o' ~ ~s ·~ - J.., , , --, ,__, i 
TEMP CCENT) 
ELM-I 2 1 SEPT 80 1205 
Ct_ 
30f)0 I 
" \ .I 
\ 
\ I .I 
\ Q THETA .I 
\ .1 250 Gradient above -.0026 0.0101 .I .I 
(S) \ Inversion jump -.86 1.2 I \ 
CD \ Well-mixed 7.44 11.4 " .I 
1- \ Inversion top ht 255m. 190m. I \ •' 
(L \ Mixed layer ht 69m. 69m. " .I li 2000 I \ / 
\ .I 
,. ..... 
\ .I .-< E I 
(\J \ 
" 1-- \ .I 
'0 m I \ I 
















SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (C) 0 10 20 30 40 











REL HUMIDITY C%) 
0 20 40 60 80 
3 . 0 .---------r---
















I // j 
.. ~----~--~~-----~----~----~~--~ 
5 10 15 20 25 30 35 
"'~ ::·u.,..e ~ '? a fl 9 2"' ~A) 
.l.-o ... _._._. \ ' '.J.,._,t ...... 
TEMP CCENT) 











































Inversion top ht 
Mixed layer ht 
I 
D 
























i ______._ _ ___.___J_ _____ ,_ __ _j__--L----l.--l----l...i.:I...___J__ 1---L..i~L4-----''-----'---l.I _ _,__----L--..L.---'------'IL_--L----'--l--~-_.__ 1--'--l----1-----'--
SPEC. HUM. Cg/kg) 5 10 15 20 25 
POT. TEMP. (C) 0 10 20 30 40 
f<'i!·UJ'0. 12.. b (l C )') OQ) > ':;,._,_,o 
REL HUMIDITY C%) 










I I_ CJ 
H ---.. 













5 10 1 5 20 25 30 35 
Fi,!tLrc 12 a (J. a 2? 80) 
·- ' 11 _, TEMP CCENT) 











































1''1. ,,ure J2 b (1 o ~)2 ~~o) 




Inversion top ht 














































REL HUMIDITY C%) 










I ~ ~ 
I 1.0 
\\ ~ \ , I 
\ ~ ! 
10 1 ~ 20 25 30 35 
\ I 
I l 
! ____ ~ ~ 
------ I 
---- J -- I I I ) j 
0.0~--~--~~----~----~-----~~~ 
5 
Fig1.lre· 12 a (1, 9,23 ,30) 
I TEMP CCENT) 











































Inversion top ht 
5 
0 
















































REL HUMIDITY C%) 
0 20 40 
I 
60 80 100 






1 ~- -1 




I l L ! 
------ / I 




I 1. 0~ 
L 
I I 
0 . 0 ~--.1 --1....------'-~-· --=· :::::..r.._. _--J___---1..---L..../-----ll 
5 10 1 ~ 20 25 30 35 
rl 0 ')'l..Y.C) \' /,~..-,-~ 
TEMP CCENT) 






















































Inversion top ht 
5 
0 









































































































Inversion top ht 
5 
0 
























































REL HUMIDITY CY.) 
0 20 40 60 80 100 3 . 0 ..--------.-----or-·---~-----.-----___... 
2.0 
1 . 0 
I 
I 










5 10 1 5 20 25 30 35 
Fi~:}lre 12 a TEMP CCENT) 










































Fi-,ure 12 b (1 o ')/ '\0\ 




Inversion top ht 
5 
0 











































REL HUf'1IDITY (%) 
0 20 40 80 80 100 
3.0 









" E J 
y 
'-" 
r- \ I 
(.j 
-; 
H i w 




I / I 
L 
I 
/ I !' I I 
---- l 
---~ --.___ __ ------- J --I 
0.0 
5 10 1 5 20 25 30 35 
7ig:.lr9 12 s. (1, 9,2$,.80) 
TEMP CCENT) 
ELM-I 25 SEPT 80 40 















































Gradient above -.0003 
Inversion jump -5.13 
Wel 1-mixed 9.33 
Inversion top ht 487m. 

































L _______ \1 
I ~i>t 
10 
---- / r -.-----~__J._J__ .--1-----J.-----L-----.l.-...---LI--~--~--'---'-
5 15 20 25 















































----~ I l 
0.0~--~--~~----~~--~----~~--~ 
5 10 1 5 20 25 30 35 
TEMP CCENT) 









































Inversion top ht 
Mixed 1 ayer ht 





































SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 



















REL HUMIDITY C%) 





































0.0~1 --~----h~--~--~--~--~ J I r 
5 10 15 20 25 30 35 
TEMP C CEf'JT) 
BLM-I 27 SEPT 80 1820 






\ Q THETA I I 2500 I Gradient above -.0007 0.0046 I I 
(S) \ Inversion jump -4.62 12.4 I I ro I We 11-mi xed 9.00 17. 1 
I 671m. I 1- \ Inversion top ht 52 1m. I Q_ Mixed layer ht 398m. 398m. I ~ 2000 I 1- I I 
\ 
I 





1- I (S) I I 
(\J 1500 \' 
I 
t-' I 




u ~ I 
a: 1000f- I I 
...--. / I I I 
L: I l 
_j \ m I 






I I I I I I I 
SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (c) 0 10 20 30 40 
~~igure J:> b (1
1 
(' ')'"'1 80) ) ~~-I 1 '. 
REL HUMIDITY (%) 
0 20 40 60 80 100 







2.0 1-- _j J r--. E 1- I 
::X::: I \,.../ 1- ...., 
r- \ J \ I I i 
CJ \ I 1- --' H I \ I 
w 1 .. 0 \ ) I I 1-- l \ \ l - \ I '\ 
'' ------ -::1 - I 1- -l I I i I 
~------ ._ ---- - - ! - l 
----- ..... I ~ ~ ~ / 0.0 I I I I ( 
5 10 1 5 20 25 30 35 
:?ic-:~ro 1 '/ a ;., 
- ::.U ~ .....,;;.._ \ ..L' 0 ~~""'> ....,r \ 
-;-' "'-':'' .:':. j TEMP CCENT) 










rn I \ 1-- I 
0.... I 
LJ 2000 \ (j) 
,...... I 
E I 
rn \ (\j 
1- I 
(S) I I 













Gradient above -.0019 
Inversion jump -3.56 
Well-mixed 8.83 
Inversion top ht 604m. 































REL HUMIDITY (%) 
0 20 40 60 80 100 












r-.. i I 
E ~ ~ "-..../ 
r- ~ \ I I I ~ \ I LJ \ ~ H \ w \ I 1 . 0 \ I ) l l I ) I _J 
' 
' I 











5 10 1 5 20 25 30 35 
TEMP CCt_NT) 





















































We 1 1-m i xed 
Inversion top ht 
Mixed 1·ayer ht 
L ______ _ 
I !.------1----1--l-.-t----..L---1--.i----~l--L--.l-
5PEC. HUM. (g/kg) 5 10 











































REL HUMIDITY C%) 
0 20 40 
3 . 0 ..------1 ------r---
f-















: \ jl 
\ \ 
I > ~ 
\ / ! \ / j 
... ... ___.; I 
"----- ~ ~ ----- ---< 
I <71 I I --~-/ I 
0.0~--~----~----~--~----~--~ 
f-
5 10 1 5 20 25 30 35 
TEMP CCENT) 














































Inversion top ht 
M1xed layer ht 
SPEC. HUM. (g/kg) 5 
















































REL HUMIDITY (%) 
0 20 40 60 80 100 









E l :y: 
\..J l I \ r- ~ I I I I I I 
l9 I ' ~ H \ w I \ I 1 . 0 I I I \ I \ I \ ) I -j 
I I 
_ __) I I 
-1 I 
I I 
l. i l 
--




5 10 15 20 25 30 35 
""' · 12 r-. o ~a ~c \ 
"' ::.gure .- a \ ..:.. , , , .:. , , ,_ -· J 
TEMP CCENT) 


































~ Gradient above 
\ Inversion jump 
1 We 1 1-m i xed 
1
\ Inversion top ht 













~ ~--.L-~~ 1-.--_j._ . .....J__~--...!-----L--· I 
SPEC. HUM. (g/kg) 5 10 
POT. TEMP. (C) 0 1 0 
p J.. > ,. ' ' 1""'· l_;?_ b ( l 9 ")<" I ,,; l•) 































REL HUf1IDITY C%) 
0 20 40 60 




















l \, ) j 
~ '""-- ---_____-/ ~ 0.0~L----~1 -·-----~~------~~-------~~~1----~J 
5 10 15 20 25 30 35 
TEMP CCEI'JT) 







































~Inversion top ht 










I IL _____ _ L~ __ __J__...J_ __ _._ ____ L __ -i._-L-.--L-L--
SPEC. HUM. ( g/kg) 5 10 
POT. TEI"1P. (C) 0 1 0 









































----- J I~-- ---~-::~- :-~---J-------1.1--1----'-' ---11.--1.--.~--l---
15 20 25 










REL HUMIDITY C%) 
40 
I 








10 1 5 20 25 
,.... , ,.., (1 lO l.' ''"') .::~gure .....:. a , , ,b<--
TEMP CCENT) 


































\ Gradient above 
1
\ Inversion jump 
Well-mixed 
~Inversion top ht 










SPEC. HUM. Cg/kg) 
POT. TEf1P. (C) 0 






























REL HUMIDITY (%) 
0 20 40 80 80 100 









2.0 J ! 
I 




!- I ! ""l 






w f ~ I 1 . 0 I I I ' ~ I 
' I I 
\ ' J 
\ I I I I I ) I I I -., 
' 
! 
I / i -==~~ I ----- J c=-0.0 I I ' 
5 10 1 5 20 25 30 35 
7~· ... --.lre ., ') ~ ~- ., ~ - ....... . \ ~~-::.· ~'"""" \.!.., ..J..'.:,.L,c,l; TEMP C CE!'.JT) 
ELM-I 1 OCT 80 1230 

































~ We 1 1-m 1 xed 
Inve r\s 1 on top ht 
















SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 
10 
10 













































REL HUMIDITY C%) 
0 20 40 80 80 








\ I CJ 
H 
w 
1 • 0 I 
ELM-I 1 OCT 80 2200 
t--J 








250e \ Gradient above 
I Inversion jump I 
(SJ \ We 1 1-mi xed m Inversion top ht I 





(SJ 1- I 
Q I I 
(\j 1500 \ 
(\j I 
I 
z \ u 
a: I I 
...-. 1000 1- \ 
I I 
2: I 
_j \ CQ I 
I 
500 \ J )! 
I 
SPEC. HUM. (g/kg) 5 




























































REL HUMIDITY C%) 



















I 1.0 l 
I 







5 10 15 20 25 30 35 
?~gure l2 a ( : 1 c ·_-: ~r~- ' 
\.-' -- J ··~' .-vi 
T E M P C C E f"~ T ) 




























Inversion top ht 
Mixed layer ht 
L_ 
I I I I I==:,. I 
SPEC. HUM. ( g /kg ) 5 1 0 
POT. TEMP. (C) 0 10 
~'. li'. .l') b ('l ,, ll,l ·e . •.. · .. 









REL HUMIDITY ( /~) 
0 20 40 80 80 100 








2.0 .___ l 
/"""\ I 
E - -
:y: ~ "-/ -I\ 1- i- -i\ I CJ -H 
w I 









\ ! I ! 
- 1 l 
_j)_ - -
0.0 I J I I 
5 10 1 5 20 25 30 35 
-;;>.; m .,.."' l ) a (" 1 ;; P:l ~ 
-·-o -~ - - ._, -,~·r-'-J 
TEMP C CEf'JT) 

























































We 11-mi xed 
Inversion top ht 


































I L-'-----L---L---L--k.&----'-~-'----1---L--.Jcl ::o:--=~;;_.,-'-=*'=/;=-==!:&.!.J/--LI-L--..&--......L--__.__. ~......J..-........L.----4-----L--li---.&.--~-&.-~-
SPEC. HUM. (g/kg) 5 10 15 20 25 
40 POT. TEMP. (C) 0 10 20 30 






















1 . 0 -
1-
1-
REL HUMIDITY C%) 
20 
-·--r 






































I ..-::::1 - - =:::t - - = I l 0.0~----~---~~-----~--~~-----~~--~ 
5 10 15 20 ?5 30 35 
TEMP CCENT) 



















































F'j_,·UJt: 12 b (! 1 '/ P") 




Inversion top ht 














































, I \ 
40 
I 









I \\ ~ I w I 1.0 I \ / 
( I 
\ I \ l I 




5 10 1 5 20 25 30 35 
TEMP C CEf\JT) 














































We 1 1-m i xed 
Inversion top ht 

































































REL HUMIDITY C%) 


































I \ ~ \ 
I 
I 





0 .0t ..___ _--J..I_i--_---__ ---L-t L-'--=\ --L..---.---J..-----L-----J 
5 10 15 20 25 30 35 
TEMP C CEI'·JT) 























































Gradient above -.0004 
Inversion jump -2.45 
Well-mixed 4.66 
Inversion top ht 15m. 











1. 7 I 
14.9 


















REL HUMIDITY C%) 
0 20 40 60 80 100 


























5 10 15 20 25 30 
-c;-.,~,. l2 a(? 1"' ,...,.,\ 
.!,.· -c '-...:.. .... ....,. - , , / , e;....._; 
TEMP CCEf'JT) 






















































Gradient above -.0016 
Inversion jump -3.84 
Well-mixed 8.19 
Inversion top ht 289m. 
5 
0 
































































REL HUMIDITY (/~) 

















15 20 25 30 
TEMP CCENT) 































2500 Gradient above 
Inversion jump 
........ 
m We 11-mi xed 
Inversion top ht 















m L _______ 
500 
SPEC. HUM~ (g/kg) 5 











































REL HUMIDITY ( Y.) 
0 20 40 6-0 80 100 










/""\. ~ E 
~ ' ~ .........., \l 1- -1 
I r\ I ~ I ! I (.9 I ~ H I ! w I 













..... I ~ ~ ..... ..... ) i 
' i 
I l 
I I ( 
0.0 
5 10 1 5 20 25 30 35 
TEMP CCENT) 






Q THETA I I 
I 
2500 Gradient above .0001 0.0056 I 
Inversion jump -5.40 2.6 I 
.-1 I 
CD We 11-mi xed 7.23 11.8/ 
Inversion top ht 887m. 490m I 
z 
g; 2000 Mixed layer ht 405m. 333,. 
I 
,...... I 
























SPEC. HUM. (g/kg) 5 














1 . 0 






































2500 \ Gradient above I 
.....-. 
CD 
I Inversion jump 
\ We 11-mi xed 

























SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 
l''i(•,Ul'<3 L2 b (2, 1,9,81) 












































REL HUMIDITY C%) 
0 ?0 40 60 80 100 
3 . 0 ----·--1--------- I ---~-------1------J 
2.0 
1 • 0 




































0 . 0 "---___ _.__ _ '--'--__ __..._ _ ____._ __ ...__~___. 
5 10 
::.sur<: 12 a (2, 1,9,21) 
1r-
- :J 20 
TEMP C CE"'JT) 
25 30 

































































We 11-mi xed 
Inversion top ht 
Mixed layer ht 


































REL HUMIDITY (%) 
0 20 40 60 80 100 





















I I j 1- ~ I I I J ' 
CJ / I _J H l w I I ! 




( I I 
I 
\ l 
' \ ! 
~ ! --' I \ I 
\ t 
~ i i .... I 
! 
0.0 
5 10 15 20 ~c:::: _......., 30 35 
Figure 12 -:1 r '? 1 1 1 2'1 ~ 
\~, -,--,..' --1 
T~=""MP CCENT) 





































\ Gradient above 
1
\ Inversion jump 
Well-mixed 
\ Invers f on top ht 



























































___ I I 
15 
20 













REL HUMIDITY (%) 
0 20 40 80 80 100 













































' I ~ 
-----> I \ ~ i ) \ ' 
'--- \ 
----- J 
I I I I --;-,'--:> i 0 . 0 .....__, _ ..J..--------1--L.----.J.-----'-------l:.....,.__-.L....--1 
5 10 15 20 25 30 
TEMP CCENT) 





































1 Gradient above 
\ Inversion jump 
1 We 1 1-m 1 xed 
I 
I~verston top ht 
1





































































REL HUMIDITY C%) 
0 20 40 60 80 100 
















~ ' ' 
....._, I 
....., 
\ i \ ! 1- \ -; j I ;' I ;' 
C-.:J ~ I j 
H .... l ..... 
1.0~ / I w ~ I / / ( ~ ~ ' I I ' I ~ \ I 
\ I 
I \ I \ -I i 





..... I 0.0 b 
5 10 15 20 25 30 35 
~..: ~i1.,....P. l ") ~ (.2. ., 4 o~ \ 
- -'-o~ ·' _.._ ~ 1-' ..!..' 1"..!..) TEMP CCENT) 










2500 I Gradient above I 
\ Inversion jump ...-. 
m I Well-mixed I \Inversion top ht 
z Mixed layer ht a::: I 
1-) 2000~ I 
,.... \ 
'<\J E I 
~· I 
1- \ m I 





























































10 15 20 










REL HUMIDITY C%) 







































L ~\ -------- ~l 0.0 . --~~~-~·~1----~----~--~1~~--,'~1 
5 10 15 20 25 30 35 
TEMP CCENT) 















































Gradient above -.0012 
Inversion jump -2.97 
Well-mixed 8.57 
Inversion top ht 379m. 
5 
0 





























REL HUMIDITY C%) 
0 20 40 60 80 100 
3 . 0 ~---,----------1------·-----r----- ------r-------ll 
~ l 
I ~ ~ ! 
l l ! 
' 1- I 
) 
l 
2.0 - --l I 
r'\. J E 1- l 
~ i 1 
'-J 1- 1 
\ I I r 1- l 1- -\ I I I ' / I l9 / i 1- \ -i H I l w ! 
I 1 . 0 - l \ I j I j I 
1- I l I 
1- \ j 
I I 
l I I // ' 1- -1j 
L~ '( l .... I ----- I 1- --- -; --7 0.0 I I I~-- I 
5 10 1 5 20 25 30 35 
?ic.:-ure l.2 a ( 2 ~ \ 1~ 
TEMP CCENT) 











'"' Lf) E 
...... 
1-(S) I 























We 11-mi xed 
I 
1 Inversion top ht 











SPEC. HUM. (g/kg) 5 10 
POT. TEMP. (C) 0 10 


















































1 • 0 
REL HU!V1 I D I TY C%) 
20 40 60 80 
-----·T----------~---·--------··-r--------·r------










































0 . 0 .__ __ -~..-__ :........J-___ .__ __ -~..-__ .£.-.J.. __ ___,.....~ 
5 10 1-. ~ 20 25 30 
TEMP CCENT) 



































1 Gradient above -.0016 
\ Inversion jump -.80 
1 Well-mixed 8.21 
I 
\ 
Inversion top ht 608m. 





































0. 0045/ 1.51 
13.g 
803Jil. 










SPEC. HUM. ( g/k g) 5 1 0 1 5 2 0 2 5 
POT. TEMP. (C) 0 10 20 30 40 













3 . 0 .---------T---
2.0 
~\ ~ \ 
1 . 0 r- \ 
REL HUMIDITY C%) 












































J 1 I . 
0 . 0 '------'---~"""""----_.__ __ ___._ _ ----.J....__ __ _____. 
5 10 1 5 20 25 30 35 
TE!VlP C CENT) 
BLM-II 16 JR!',j 81 820 
l66 




\ Q THETI' \ 2500 Gradient above -.0012 0.004 I 
I Inversion -3. 19 2.0 i \ jump ..-. CD We 11-m i xed 8.82 12. I Inversion ht 798m. 60im. I top 
z \ Mixed layer ht 394m. 39J3m. a: 
I-) 2 0001- I I 
I I 
...... \ I (.D E 
..-. I I 
I 
I 
1- \ I (S) I (IJ 1500 I I 
...... CD I I 









m \ I 





I ~_L ~ I I I 
SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (() 0 10 20 30 40 
I•'i[}H e l') b (') ~ ~ .. _, 1,16,81) 
REL HUMIDITY (/.;) 
0 20 40 60 80 100 
3.0 I T I I I 
-
1- -










\ \ ~ r- \ I \ \ J CJ 
H \ I w \ 

















0.0 I I I I 1/ 
5 10 15 20 25 30 35 
"'7-..; =u ~o l; a f -: 1. '1 ' ~., \ 
... .J..t:t J,....,... - \,__, ,,.-b:..__· . .l-) 
TEMP CCENT) 
ELM-II 16 JAN 8 1 1935 
~/M 
J.CO 






















































We 11-mi xed 
Inversion top ht 





















































REL HUMIDITY (Y.) 
0 20 40 60 























5 10 15 20 25 
TEMP CCENT) 
BLM-3 6 DEC 81 1615 
170 
30 35 
3000 ;~ I I ~'> \ I I 
I I 
I Q THETA 
\ 2500 Gradient above -.0005 0.0057 I I 
I Inversion jump -5.25 6.0 
~ ... \ Well-mixed 7.67 13.6 m t Inversion top ht 498m. 498m. 
I 
u \ 
Mixed 1 ayer ht 336m. 336m. 
Ld 2000 
r:=:l 
w E ~ 
I 
Ln ~- I 





\ C0 1000 I I I 





I I ~ ~-----=1 ___ /) r---
--'--"----
1 ___,___ I I I I 
SPEC. HUM. (g/kg) 5 10 1 5 20 25 
po·r. TEMP. (c) 0 10 20 30 40 

































































II ! ----- -i 0.0~--s=I~~"~----~--~-~----~t~>~~~--~l 
5 10 1 ~ 20 2~ 30 35 
TEMP CCENT) 







































Inversion top ht 


























































REL HUMIDITY (~,-;) 
0 20 40 60 80 100 
3 · 0 ~---T-\~--T-------····-r-··-·---------~----j 
r'\\ \ , I ~I : ~ \ I ~ \ l l \ I : 
\ i 






















' t ; 
i 
l H w 
I 1.0 \ \ \ \ -t 
I 



















_...1------------, ---:-.-.:. . .J;;;=b===-----'------' 
10 15 20 25 30 35 
TEfvlP C CEi"·JT) 







































1 ayer ht 
---1----L---1--i---..l._ ___._ I 
SPEC. HUM. (g/kg) 5 10 
POT. TEMP. (c) 0 10 


































R ~="" l 
















' \ I I \ ....... 





r"\ ' 1 \ l 
' E '- ..... \ I 
I 
I 
~ l i \ l i 
'\..,/ ~ _j ! I i 1 
1- I·. ..... I , ! I ' \ I ' l I \ ' 
-1 \..9 
\ 
I \ \ 
H l \ \ ! w 1 \ l 
I 1 
.. 0 l I \ ___, 
' 
• 
\ I I ! 
t 
l { ! 
I ) --I ' I i \ 
-
l \ ! 
~ \ ! \ ' / i -i I i \ J ! 
0.0t L __,/ 
.....; 
l 
~- I .c:/. I ----h-... 
5 10 15 20 25 30 35 
?igt1re 12 a ( "':: -. " :: ':1: ') \ ,.,., ' ..... ~ J ·- '·-~~; 
TEMP CCENT) 





























Gradient above -.0007 
Inversion jump -1.09 
Well-mixed 5.05 









Mixed 1 ayer ht ?m. 
/ 






















































REL HUMIDITY C%) 
"" ' / 
100 













































! ~ '"", J : 0.0~1 ----~--~k~~--~-~._-_j~--~-~--~'----~.--~1 
5 10 15 20 25 30 35 
TEMP C CEi\lT) 













/ Gradient above 
Inversion jump 
I 
I We l 1-m i xed 
m \ Inversion top ht 
u 























SPEC. HUI"l. (g/kg) 5 
POT. TEMP. (C) 0 


































REL HUMIDITY C /~) 
0 20 40 
3 . 0 ,..._---r-··----· I 
.I 
\ \ /\ 
t \\ / 










































I 1.0 \ --! 
' I 
' ) l 
I ""'',\, ~ ~ 
i ) I r , 1 1 0.0~t----~--~~~\-~_:--~~~------~,C-'~~--~--~l 
5 10 15 20 25 30 35 
~..: -~ ~ "'1""0. ' --:: -n / ') l ""'.. ;./ ~1 \ ~ ..:.;:_ ..... _ ~ _..._ """ \ _.,' -~' ·.)' -'.-.j 
TEMP CCENT) 






















































Inversion top ht 


















































REL HUr"'liDITY C%) 
0 20 40 60 80 100 



























- . ! 
i 






0 . 0 '----~----~---~+·----1.-;_-_-......... - -___ ~.--1- _-__ -_-...~....-_-_-_-.....L...-___ -..L.-/--J/1 
5 10 15 20 25 30 35 
Figure 12 a !'-: , "') c :::~) \-" ' -·'- ,. ' '~- TEMP C CEI,JT) 


































;;•· . . .. ) {·· ]'> ( ·11) JCJ.glu'c _L_ l:l> ,3, ..... 1 ) 1 L 
Gradient above 
Inversion jump 
We 1 1-m i xed 
Inversion top ht 



































































REL HUMIDITY CY.) 
20 40 60 80 100 
10 















--~ ! ----..-........~- i 
25 
--~ I j 
rJ I : 
! 
J i 
~ ... -i 
_.,.,*"" i 
'"" I ' -~ ; r l 
/ I / I 
I \ I 
30 
TEMP CCENT) 







Lu 2000 (:::! 

















SPEC. HUM. (g/kg) 5 
POT. TEMP. (c) 0 
[i'j LlH'': l2 b (l 
-· ' 
]"net) 
- .;:.. .. ' /I ; 
Q 
Gradient above -.0003 
ers1on jump -3.43 
11-mixed 8.43 
top ht 1119m. 























REL HUMIDITY C%) 
0 20 40 60 80 100 





























































' I i . 
\ \ '\ ~ 0.0[~----~~)--~--~----~----~~1-)~~ 
5 10 15 20 25 30 35 
~..,..~..· .o-; ~rr:. 12 .t") t ...... l ....... ~ f"' -"'., \ 
... '=='..... ... - r.., \ ;: ' ~ ' ~u ' :~ j_) 
TEfviP C CEi\lT) 





































Gradient above -.0038 
Inversion jump 1.61 
Well-mixed 8.28 
Inversion top ht 170m. 
\ 
\ 







/ L-~-~~~~-J__.~-L~~~ J 
SPEC. HUM. (g/kg) 5 10 































REL HUMIDITY C%) 



















---- l .._..._ I 7J 
/ i 
/ l / ; 
H 
w 















! II 0 . 0 '------'---~..-.........---'-------'-----J.-J...------' 
5 10 15 ?0 25 30 35 
TEMP CCENT) 





























Gradient above -.0008 
Inversion jump -5.30 
Well-mixed 7.58 
Inversion top ht 1465m. 
Mixed layer ht 1265m. 
..--. 
z 









SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 
l~j,:ure 12 b ( '} ·L::· ](J ,.:] )·. 













































REL HUMIDITY C%) 













I \ \ \ 
\ I 
.. 












' \ ~ I ' I~ 
10 15 20 25 
TEMP CCFNT) 
















































































Inversion top ht 
5 
0 


























REL HUMIDITY (%) 
0 20 40 60 80 
3 . 0 L-·--r----·-r~-----T--------, 
2 .. 0 
" ' ' 
./ 
J 
I \ \ 



































"'"' I I \ ., 0.0t___·--~--~1~~----~--~'~----~----~~ 
( 
5 10 15 20 25 30 35 
TE!'v1P C Cl:NT) 
























































L _______ I 
SPEC. HOM. (g/kg) 5 
POT. TEMP. (C) 0 
1.,,_.1 ,, '.,' 'l ') 1 ( '" 
.. <: 1..!. '-• .1-.., .J _/ ' 
I 
I 


































































20 25 30 





















































SPEC. HUM. (g/kg) 
POT. T£MP. (C) 
l•'it_;Ul'<O; p l (' 
·'-- ) ;. ' 1.:?.' ll, t>l) 
Q 
Gradient above -.0002 
Inversion jump -4.59 
Well-mixed 6.41 
Inversion top ht 1099m. 






































REL HUMIDITY (~~) 
0 20 40 60 80 100 
3. 0 ..--------~----·------,-----·--l~·-·----·-·1\-----·---n 
I 





' I --~ I 
---- -i - - -- -.. ;
... _ I 































1\ I I I 
10 15 20 25 30 35 
TEMP CCENT) 









































Inversion top ht 




















REL HUMIDITY (~) 














5 10 15 20 25 30 35 
TEMP CCENT) 
































l•'i .,'1"1'/;_) l') b ( '1 ] ') l" ''l) 










rsion top ht 


























REL HUMIDITY (%) 
TEI'-"lP C CENT) 
































SPEC. HUM. (g/kg) 
POT. TEMP. (c) 
Fit;Ul't; 12 b ('< j' l'J l'' r(}) ~ . _),(. . 
Gradient above 
Inversion jump 
We 1 1-m i xed 











































REL HUi'1IDITY (%) 
0 20 40 I.---
60 80 100 






















I \ J 
\
: \\ l 
-; 
i 
' \ \ ~ 
\ \ : 
\ \\ ~ 
I \ ~ 
' ) ~ ~~ \ I \ ~ 
', l 
,, '\ ~ 
~, . 
'}-\ ! 
' ! ! 
----- -t _ _...~ ..... ___________ . t 
---- I I I ·- -r-:.::J 
15 20 25 30 35 
TEMP CCENT) 



















(Y) 1500 (Sj 






























Mixed layer ht 
\ ____ _ 
( g/kg) 5 10 
(() 0 10 
















































































2500 Gradient above -.0026 0.0063 
..--. 
Inversion jump 1.05 2.8 
ro Well-mixed 7.80 12.5 
Inversion top ht 117m. 144m. 











u \ \ I ([ I I 1000 \ (Y) \ I 
I \ I L: \ I 
_j \ I 
m J 
500 I 
SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (c) 0 10 20 30 40 
Fi;:,ure 12 b ·,"1 \, J., 12., 15' ::~l) 
REL HUMIDITY C%) 
0 20 40 60 80 100 
3 . 0 c--·--:r----~--,~·--·-~--r---------,--------1! 







~ 1. 0~ 
~ 
, i I 
\ 
I \ 
' J \\'~' I l 
\l l __; 
~ I 
I''\ l 
I \ 1 
I \ l I \ ~ 
I \\ ~ 
l_ \ J 
--\-- l ---- ' \ ~ \ ! 
... ---1 
I '\ 4 









0 . 0 '------....1....---~----L.---l-----.:::--~----l 
5 30 35 
TEMP CCENT) 





2500 Gradient above -.0008 0.0066 
..--. 
Inversion jump -4.88 .0 
m Well-mixed 7.56 15.2 
u ~ ~ 2000 
Inversion top ht !141m. 12m. 
Mixed 1 ayer ht !108m. 3m. 
,....,_ \ lf) E 
..--. I 
I 
I- \ "'- I (S) 1500 I N (S) I 0 










SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (c) 0 10 20 30 40 
Fitoure "1:?. b (3, L 1,15,Jl) 




2. 0, \ I ·, 
r-\ \ 
E \ ., \. 
Y.: \ \, 
\.../ \, 
\ 
r- l \ \ 
I I \ 
CJ l \ 
H I \ 
w l 
1 • 0 l ........ I _L 
I 
I 
I } L ___ ( 
r 1------' -7 
0. ~J / I __ ............._ __ I -- - -b--.,. 
5 10 15 20 25 30 
TEMP CCENT) 






































3000 I , 
I , 
I I 
\ , , 
Q THETA I / , 
2500 Gradient above -.0003 0.0103 
, 
I Inversion jump -7.05 .0 
.......... 
I 
Well-mixed 9.46 13.3 I m I 
I Inversion top ht 525m. 525m. , 
u I Mixed layer ht 12m. 12m. I ~ 2000 t I , 
I , 
,...,_ I I tD E 
\ .......... , , 
r- I /I (S) I I 




u I ; I , 
a: 
\ II 1000 , (Y) I , 
I I I L: \ , 
_j I 
m I , 
500 / 
I ---
'/ I \ ,I/ I 
I 1/ 
L !---=f==- I 
SPEC. HUM. (g/kg) 5 10 15 20 25 





REL HUMIDITY (%) 
0 20 40 60 80 100 
















.........__ .... _____ I w I 1.0 
0.0 
5 10 15 
~;'i~.1r~ l2 ,:. I . ,' ';1 :;'-;) \\ i.;.., -:J,. __ ,w,_ TEMP 
BLM-4 2 1 
20 25 
CCENT) 
JUNE 82 1 
,...,, 1\ 

















I Lu I 






















We 11-mi xed 













L /l I; _ __.____L---·-'-' -..~.._ __ ~~-~J--L~---1..--L---'----L--'----L-----"....._....J._ -'---'-~---1..-l.....--'----L-..__-'-----
SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 















1- ~ I ~ (.9 H 











15 20 25 30 
TEMP CCENT) 


































.. . 1--' 
\..) 
3000r I I 
l 
2500 Gradient above 
(\J Inversion jump 
CD Well-mixed 
L.J Inversion top ht 



















































___..L, _ _j.._ • ...1.-.l ----Ji...-.......JL---L--~iL_a ::=:t::::::::::i!_~j_i;;c· =------L,--11--'--~L --li--.~--..1--f J'-1.-...L--. ......L..-L---II-..1-...-LL--.-J . ..J,.--&.--
SPEC. HUM. (g/kg) 5 10 15 20 25 








REL HUMIDITY (%) 
20 
'I l 
1. ___ _ 


































35 5 10 15 20 25 30 
?i;ure ::..:2 2. 
TEfvlP C CENT) 


































nversion top ht 
Mixed layer ht 
\_ _____ _ 
(g/kg) 5 10 
(() 0 10 




























REL HUMIDITY (~) 
0 20 40 60 80 100 
3.0 I\ I l - j \ 
\ 
\ \ 





.........._ ~ ........ \ 
.... I .... 
2.0 ~ _j \ I ,....... \ 
E \ j .., ! 




















\ :~ /· 
"' I 
./ l / . 
... 
0.0 
5 10 15 20 25 30 35 
~.; ;'11Y'f!> \ -:-'· ·:':1 ( I / ')') :1·"; )\ 
- ..... o ............. ---- ..... _ ._..., o,,..:. .• ::.,:_....._ 
TEMP CCENT) 
BLM-4 22 JUNE 82 900 
/\) 







































We 1 1-m i xed 
Inv rsion top ht 





























REL HUMIDITY (%) 
0 20 40 60 80 100 
3.0 .---- ---11 I \ 1 I I \ I \ \ \ \ I 
\ j 
\ I \ 
\ j \ 
2.0 / i 
' 
r"\. ~ 
E I y: l 
'-/ 
\ J ' 
1- \ 
I ~ (.9 H w 1 . 0 I I 
------- .... _ ~ -- ...... ---... .... 








5 10 15 20 25 30 35 
~:_~u~,:; 12 "?.. (4, 6.,22,,?2.) TEMP CCENT) 








,, Q THETA 
\ Inver s i on jump -2 • 6 9 12 • 0 
Well-mixed 8.64 14.5 
\\\,\,\ Gradient above -.0019 0.0031 ,// 
w •\ Inversion top ht 857m. 857m. 
7 I /)\ M i xed 1 aye r h t 8 7 6 m . 6 10m. ~ 2000~ < \ !'l ~ ' \ 
ru !; \ ' lj·' 
C\.1 \ I If ~~ ~\'~ ~ CSJ 1500 : 
!ii ~ I \ ;/ 
~I 
---- I ~·~ I 
. ,...., I 
_.l (\' ./ ~ 50~ ( ! rr---------
l~~-~~-~-~~---~~.....,.1 ... 1-'-I --L-1 ____,,<_:...l....&-lj ~~--1 ~__._~,- "'---,-a..L_.......,_..._.__---L, ---''---.1...~--&-....__.___ 
SPEC. HUM. (g/kg) 5 10 15 20 25 

















































10 15 20 25 30 
TEMP C CEf'·JT) 
ELM-4 22 .JUf'JE 82 2345 
\ i 
\ I 






























































We 11-m1 xed 
Inversion top ht 







633m. 592m. I I 
I 








·I ~_L_~__._ ......... _ ...... --..&--.&..-..L-.....----__.._.....___,__.._....___._~---11"---A---1-1-.--4----1--
SPEC. HUM. C g /kg ) 5 1 0 1 5 2 0 2 5 
POT. TEMP. (C) 0 10 20 30 40 




REL HUMIDITY C%) 







I \ / 
















































-- ...J ~ -\ l 
~ \\1 
t ~ l /l ~~ 
5 10 15 20 25 30 35 
TEMP CCENT) 

































Inversion top ht 














II I I /' 










f) ----------------· __ / 
t 
~-..a-.. . .....L...-..a....-...L---L---.. JL'.' I L iL ...... J~· --4---'-...,_j.,__. ..L..---'-~-~' ---IIL...-..L..---L---1.-..L-.......JLL----L-- ·&.-~.--&.-
SPEC. HUM. (g/kg) 5 10 15 20 25 




REL HUMIDITY (%) 
0 20 40 60 80 100 

















I H w 











35 5 10 1 5 20 25 30 
TEMP CCENT) 




\ Q THETA I 
' 2500 \ Gradient above -.0005 0.0081 
(\J I Inversion jump -5.65 5.9 
I 
ro 
\ We 11-mi xed 
9.48 15.4 
Ld Inversion top ht 663m. 818m. I 
z l Mixed 1 ayer ht 463m. 463m. 














(S) 1500 I 









:L I I 
...J I I m I 
500 l _________ 
SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (c) 0 10 20 30 40 
ii'i.LUI c l2 b (L.' (_ r ) i}~) ) J {"! __), ,;!_ 








I l ... __.....,\ 
~ r \ \ 
I 1.0t- j1 \ 

































~ ----~ ,) 
~I y~---- I ~ ----... ! . -........ j 0.0L__~--~~,~~--~~----~' --~1~/_ ... ~~1 
5 10 15 20 25 30 35 
TE~1P C CENT) 







SPEC. HUM. (g/kg) 
POT. TEMP. (C) 
Q 
Gradient above -.0015 
Inversion jump -2.14 
Well~mixed 8.57 
Inversion top ht 381m. 


















l.--~-L-~--...1.·-·L-JQ"--'-I ----"' _,~,...,......._ ..~-L_.-&.1---J.LL..--'-'-· __ ,_.___.J__......._, ---1'--"--..L.-.-....J---4---l---J..-, 
25 
40 
5 10 15 20 





REL HUMIDITY (%) 












-... I ~ 
I I 
I 
0 . 0 '-----.J---__.;:.,_-L-----'------'------1-_...::::;;,._---i 
5 10 15 20 25 30 35 
TEMP CCENT) 
















































We 11-mt xed 
Inversion top ht 
Mtxed layer ht 
·-------1 
'-------
SPEC. HUM. Cg/kg) 5 
POT. TEMP. (C) 0 
10 
10 
I.'·' • . 1 c) "' ( / >' ,·, ' c,.,) 
























































REL HUMIDITY (%) 
20 40 60 80 100 
~~~---·-T ··----r-···-·- --------r--------1 
\ J 
\ I 
'I ' }. ~ J\ 1 ~~, I I , I _, 
. ~ I 





\ I I 
' \ l ' \, I J \ ' \ 
' \ 1 i I ! i 
\ I ' I 
' 
i 
\ I ! \ ....j 
\ I ~ I ---' ! ! 
' J /) ' "-...._ i -I 
---
I 
/ I (' -- I ------- ~ 
-/! 
\ / I ./ I // ~ "' i ' 
~ ~ l ' / I // 
10 15 20 25 30 35 
TEMP CCENT) 


































\ Gradient above Inversion jump 
He 11-mi xed 
Inversion top ht 
































·---'-- ·-'--~-~~~_1~~ ___ ----J,._...____._._.J..__~--'-L.---IIi...-. I I -'-·~-'--
SPEC. HUM. (g/kg) 5 10 15 20 25 





REL HUMIDITY C%) 
0 20 40 60 




























I 1.0 ~ I ' 









5 10 15 20 25 
TEMP CCENT) 




~ Q THETA I 
I 
2500 ~ Gradient above -.0005 0.0057 
(\J ' 
Inversion jump -5.85 8.5 
I We 11-m i xed 8.65 14.4 ro 
\ 
I 
Inversion top ht 899m. 899m. I 
Ld I Mixed 1 ayer ht 786m. 786m. ~ 5 2000 I \ I I ~ I / E I 
ID '--" \ (\J 1-
I 





cr: I I 






SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (() 0 10 20 30 40 








REL HUMIDITY (%) 





































\ //l / : 0.01~--~--~~----~--~~~------1~-/--~~ 
5 10 15 20 25 30 35 
TEf'v1P C CENT) 





































\ Inversion top ht 




SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 
10 
10 



































































0.0~1 ----~1-~~~~1 ----~----~--~~--~ i .,.,. y"' l 
5 10 15 20 ?5 30 35 
?i[U~'3 12 :l .· (l~ 6, 25,82) 
TEMP CCENT) 
























Gradient above -.0036 
Invers;on jump -3.76 
Well-mixed 7.02 
Inversion top ht 165m. 











______ ./~ / 













I . 1- -~-'1--11----·-~.....&---.L-1 ---1.-&.-A. -·-
20 25 
30 40 






t- L I 
I I ~ ~ H 
1. 0~ w I 
TEMP CCENT) 





































Inversion top ht 
Mtxed layer ht 
L . ..~.-a_..__. --. ...L._~---~~ 
SPEC. HUM. (g/kg) 5 10 








/'-1 // I 




......__-~'---·· ' I -'- & ----L-.-1--... .. & -&-& ~.........J,........_.L__.., _ __.___....,,_.,____ 
15 20 25 












1 . 0 
~ 
~ 
REL HUMIDITY (/;) 
20 40 60 80 100 
T-rr~-------r -------------~------------·----r --·- ·----------n 
\ l.... ! -.._ ..... 
....... -.._ I 
.... I 
.... ) 
"' ....i " : 





' l \ \ ~ 
\~--) 
\ \ 
















































--- ' 0.0~----~· 1~--r:L~_-_--_-----~1 ~--~----~~------~~~~ 
5 10 15 20 25 30 35 
TEMP CCENT) 




~ J' w . ~200 
1-
Lf) :r: 






I }:: I 









\ '\ \ ' 
, \Gradient above -.0024 0.0852 
THETA Q 
'\ nve rs ion jump . 61 9. 1 





ston top ht 258m. 258m. 
ed layer ht 118m. 117m. 1 
\ /; 
\ I 
\ ,f \ /{ 
~~ I ) ~\\ :; ~\ 1/1 ~ I \) I \ ......__........._ i / 
\ ~""> -----I -~-~~-L~~.__L J:::~: ' -~• I -L -L I , . I 
SPEC. HUM. ( g/kg) 5 10 15 
po·r. TEMP. (C) 0 10 2 0 
F'1' · 1·~· ·1·> '"" (' 6 ?'( <:.''l) 

































































i ) ~ j / ! 
------ L_ __________ 1 
I I I II 0.0~----~--~~----~----~--~~--~~
5 10 15 20 ?5 30 35 
TEMP CCENT) 
ELM-4 2? JUNE 82 1500 
3000 
Q THETA 
2500 G adient above -.0017 0.0056 
(\J In ·ersion jump -. 90 7.3 
CD I Well-mixed 9.96 13.4 
l.J I~ers·on top ht 186m. 186m. 1 z ixe layer ht 86m. 86m. 
~ 2000 \ I \ r"'o E I'- '-J" \ 
(\.J \ 
.-.- \ (S) I \ 
!\) (S) 1500 \ 




z \ u 




_j \ m I 
500 I \ 
SPEC. HUM. (g/kg) 5 10 15 20 25 
POT. TEMP. (c) 0 10 20 30 40 




REL .HUMIDITY (%) 
0 20 40 60 80 100 






















...... "'-...... I 
'---...... ~ 
'--- ! 




'"'/i / l / . 
0.0~--~--~~----~----~--~~--~ 
5 10 15 20 25 
TEMP <CENT) 




























,-,.. l') b ( . 6 ')'' ····-) ~ J(~ure ·"- li., , •. o,o.~ 
REL HUtviiDITY (%) 
15 20 25 30 
TEMP CCENT) 










































Inversion top ht 












I • I ,s 
' I s. 9 I I 
I I 
651m. ;· ; 
658m. J 
I 
' I I I 






































I''J·P'ul·<:: ·1··, (' 6')n·g···) 
. ·o . ··- b '+J )"·o, ' 
I 
I Gradient above 
Inversion jump 
I We 11-mi xed 
I 
\Inversion top ht 









































REL HUMIDITY (%) 
15 20 25 
TEMP CCENT) 














































Inversion top ht 






SPEC. HUM. (g/kg) 






























r-- ~ \, 








I l \ l t I 
....., 
i 8 ~ \ ', ~. 1 • 0 ~ < ----~~--~~- -i 
I \, ~~\ ~ r . I ~ 
~ I I \ II _j ·. ' I ! \ I ; 
I 
I 
' 1 ~ 
1 \ n 0.0r~----~~~-\~----~--~~----~--~L~j~ 
5 10 15 20 25 30 35 
TEMP CCENT) 






































radient above -.0016 
nverston jump -.31 
Well-mixed 8.85 
ersion top ht 13m. 


































w L I 1. 01 
L 
~ \ 














' '\ '\, 
\ \ \"" ' ' -
- ..--->' ('~·-~ /[- J 0 . 0 __________ __..__~---------'----"--'---~ 
5 10 15 20 25 30 35 
TEf"lP ( CEi'~T) 
E ! M-4 I-.. ' 29 JUNE 82 1500 





























Well-mixed I~\ersion top ht 






























~--~----~----~--~----~---.-L -L----~ I 20 SPEC. HUM. ( 9 /k 9) 5 10 15 
POT. TEMP. (C) 0 10 20 30 
FL .m·e -l ~> u (' L ·)9 v") 
< • . -- "' ' ()' ~ ' '·"-








3 . 0 ..------
2.0 
REL HUMIDITY (~) 
20 40 60 80 100 
~ .... ~----1 -----,------,------n 
~._ I 




/ l ) l 
l 
I J 
/ I { ~ 
~' i 
............ , l 
' I 





















I l l: 
/l 0 . 0 L----~-_.),_--I,---....L----~-- ,---1.--...L--J 
5 10 15 20 25 30 35 
TEMP CCENT) 




3000 ' \ 
\ 
250 Gradient above 
(\j Inversion jump 
CD 
m Well-mixed 
........ Inversion top ht 
~ 200 
















SPEC. HUM. (g/kg) 5 
POT. TEMP. (C) 0 
10 
10 


















































' ~ ~ /) J 
/ I 
< I 





' : \i / I 
I i 
I i ..., 
\ ' \ l 
x') j 
0 a 0 "----~--~----1-------L.---...G.l--.--------1 
5 10 15 20 25 30 35 
TEMP CCENT) 



































I ~-Je 11-mi xed 
I 
. ~nvers ton top ht 































SPEC. HUM. (g/kg) 5 10 
POT . TEMP. ( C ) 0 1 0 










REL HUMIDITY (%) 
20 40 60 80 100 
--··----·-· --·--~-1·-·· ····-·~-·- .. ··-·····---r-----·-·--····-·/f-.,...---·-·-··--·-·-··-r-··-···--·~---·---ll 
" I ~;~ l 
\ 
\ ! 
\, ...., < ! 
l 
\ I 












I -~ ' i i I I 
I 1 I 













/ ' ( I 
..; J 









' ~ ~ 
~ 
/ 
L 0L l I'--0. -·--~~--~ ~-~---~---~~---~--~ 
5 10 15 ?0 25 30 35 
TEMP CCENT) 




































Inversion top ht 

















--'--'---'--_..,__,___-L-.--L-4-.---.-J....... l ·--L---~~ -L-1 -L....--'----'--L-










I ' LLJ 
I 
0 
































REL HUMIDITY (%) 
20 40 60 80 100 
---r··-------- --~----- ---r-------- -------------- -T ------------- ----- r------ -- --- ---- ---------rr 



























0 . 0 ~------~------~~--------~------~---------L~----~ 
5 1 0 1 ~ 20 
?ifs""U.TS· 12 .e.. \1 L.-~ 
1 
7· j 1"\ /~.....,) 
- ',.J...u' ::...:: 
T r=:- ~v! ~ 
I ;__ i 










_j 2000 ~ 




























Inversion top ht 




\ / ~ L ___ _ 
~-.-..&..--.- I l 
SPEC. HUM. (g/kg) 5 10 
POT. TEMP. (c) 0 10 


















REL HUMIDITY (%) 
I 
I 















































20 25 30 
TEMP CCENT) 
EL~1-4 1 JULY 82 900 
264 
---- . \ ! 
i-l I ; 
J i I _. 
I l I : 
























































































































SPEC. HUM. (g/kg) 
POT. TEMP. (c) 







1 Grad 1 ent above 
\ Inversion jump 
' We 1 1-m i xed 
I I~version top ht 
5 
0 



































IV-4. Meteorological Data and Calculated Parameters 
Meteorological data was obtained on the ship on a 
near-continuous basis. Times when valid data could not be 
obtained, were associated with moving the ship to the release 
point, or with the wind being from the stern while underway. 
These data and all calculated parameters are listed in Table 
8. The wind speeds, air temperatures, and relative humidities are 
those measured at the upper level (20.5 m). All calculated 
parameters were obtained using the bulk aerodynamic method. The 
inversion base height, Zi, was determined from a combination of 
acoustic sounder and radiosonde data. 
The boundary layer mixing velocity, w*, and the mixing 
time, t, both depend on the mixing depth, zi. Thus, during 
those times when the depth cannot be accurately determined these 
parameters may be in error. 
There are several parameters of interest which are not 
included in the table because of space limitations. These can be 
easily obtained from those listed by using the formulas listed in 
Section III. For example, the rate of dissipation of turbulent 
kinetic energy, s, can be obtained from the scaling velocity 
(friction velocity), U*, using Eq. 15. 
268 
Table Sa. Measured and calculated meteorological parameters for BLM-1. 
BLH #1-80 
Release u 
Da te/'1' ime u RH T Ts Zi U* T* 10+3*Qo z/L w* t 
(m/sec) (%) (C) (C) (m) (m/sec) (C) ( m/ secK) ( m/sec.) (min) 
---.,...,..,--.-··-·-··--·--··--------·-·---e------·-·-·----------·---·-·----·---·----·--·------------------·-----------·---·· 
09/24 1137 2.1 73 14.7 16.6 330 0.073 0.075 107. 0 -2.38E 00 0.4 14.0 
09/24 1205 2.1 74 14.6 16.8 360 0.073 o. 082 115 • .1 -2.55E 00 0.4 14.3 
09/24 12 33 2.0 73 14.9 ] 6. 9 350 0.068 0.075 107.5 -2.78E 00 0.4 14.9 
09/24 1301 2.3 73 15.1 16.8 350 0.078 o. 066 97.4 -1.91E 00 0.4 14.8 
09/24 1329 1.9 72 15.0 16.9 340 o. 065 0.073 105. 9 -2.97E 00 0.4 14.9 
09/24 1 357 2.8 68 15.1 17.3 330 0.093 0.084 121.8 -1.6 7E 00 0.4 12.4 
09/24 1425 3.9 70 15.2 1 7. 3 300 0.131 0.075 108.5 -7.46E-01 0.5 10.8 
09/24 1453 3.9 72 15.3 17.3 280 0.133 0.070 102.6 -6.87E-01 0.4 10.4 
09/24 152] 3.6 71 15. 2 17.3 260 0.123 0.075 108.7 -8.54E-Ol 0.4 10.0 
09/24 154 9 4.6 72 15.1 17.2 240 0.156 0.074 105.9 -5.13E-01 0.5 8.8 
{\) 09/24 1617 5.9 76 15.0 17. 1 250 0.206 0.071 98.8 -2.75E-01 0.5 8.3 0~ 
,o 09/24 1645 6.4 79 15.0 16.9 26 0 0.225 0.065 89.2 -2 .09E-01 0.5 8.6 
09/24 1713 5.8 76 14.8 ] 6. 8 270 0.200 0 .. 068 94.5 -2.79E-01 0.5 9.0 
09/24 ] 741 6.6 78 16.5 18.6 290 o. 2 31 0.070 97.8 -2.1 7E-0 1 0.5 8.9 
09/24 1809 7.0 79 14.8 16.7 290 0.243 0.061 25.1 -5.25E-02 0.5 9.2 
09/24 1837 7.0 76 14.9 1 7. 0 280 0.247 0.069 95. 9 -1. 86E-01 0.5 8 .. 5 
0 Y/ 24 1 905 6.8 77 14.8 16.9 280 0.2 39 0.071 97.4 -2.02E-01 0.5 8.5 
BLl\1 #1-80 
He lease #2 
Da te/'r ime 11 R1I T Ts Zi U* T* 10+3*~JO z/L w* t 
___________ .J:~l~!:~l_J!l ____ (9_ ___ jfl_ ___ jm) ____ _!~/ s~£J_ __ Jfl ____ J~L~~~~l ____________ j_!J/ sec U~.!!2l 
09/27 0715 2.8 85 13.1 16.9 300 0.096 0.156 187. 3 
-2.39E 00 o.s 9.3 09/27 0743 2.8 87 12.9 16.9 250 0.096 0.164 194.5 
-2.51E 00 o.s 8.2 09/27 0859 2.9 BO 14.1 16.9 340 0.098 0.109 138.9 -1.71£ 00 o.s 11 .4 09/27 0945 4.6 78 14.5 17.0 200 0.] 56 0.087 1.15.3 -5.61E-01 0.5 7.4 09/27 101 3 3.9 80 14.8 1 7.1 380 0.132 0.082 108.9 
--7.44£-01 o.s 12.2 09/27 1041 4.1 80 1 5. 0 1 7.1 400 0.138 0.076 103.0 
-6.41£-01 0.5 12.7 0 9/27 1138 5.1 80 1 5.] 1 7.1 230 0.175 0.071 96.1 
-3. 71 E-01 0.5 8.3 09/27 1206 5.1 82 .14.8 1 7. 2 220 0.175 0.084 109.2 
-4. 20E-01 0.5 7.6 0 9/27 12 34 5.5 83 15.0 17.2 200 0.190 o. 078 1 0.1. 7 
-3.35£-01 0.5 7.2 09/27 1302 5.9 82 15.0 1 7. 2 220 0.207 0.075 98.8 
-2.7 4E-01 0.5 7.5 09/27 1330 6.4 81 15.3 17.2 210 0.226 0.064 87.6 -2.04 E-01 o.s 7.5 ,/'.) 09/27 1358 6.6 77 15.5 17.1 200 0.229 0.054 79.7 
-1.80E-Ol 0.4 7.6 -1 c:: 0 9/27 1426 7.6 80 ] 5. 6 ] 7.1 200 0.270 0.050 73.2 
-l.l9E-Ol 0.5 7.4 09/27 1454 8.3 77 15.8 1 7. 2 180 0.298 0.04 2 66.3 
-8.84E-02 0.4 7.0 09/27 1522 8.9 77 ] 5. 9 1 7.1 220 o. 337 0.036 59.2 
-6.18£-02 0.4 8.2 09/27 1550 8.0 75 16 .. 2 1 7.] 230 0.284 0.025 48.4 
-7.06£-02 0.4 10.0 09/27 1618 7.8 75 16.4 .1 7.1 260 0.274 0.018 41.2 
-6.45E-02 0.4 12.2 09/27 1646 7.9 77 16.4 .1 7. 0 290 0.277 0.017 38.3 -5.87E-02 0.4 13.3 09/27 .1 714 7.4 80 .16.2 1 7. 0 310 0.257 0.022 41.3 -7.37£-02 0.4 13.2 09/27 1742 8.0 80 16.0 1 7. 0 140 0.282 0.028 48. 5 
-7.23E-02 0.3 6.9 09/27 1810 7.0 BO 16.0 17.0 140 0.243 0.030 50.1 -1.00E-01 0.3 7.2 09/27 1838 5.8 80 15.9 16.9 160 0.200 0.029 49.6 
-1.4 7E-01 0.3 8.4 09/27 1906 5.6 80 15.9 16.9 160 0.192 0.029 49.3 
-1.58E-Ol 0.3 8.5 
3LM #1-80 
Release #3 
Da te/1' ime u RH 1' ·rs Zi U* T* 1 O+J *Qo z/L 
w* t 
______________ .i~~~~l_i!l ____ _!~_> __ 1~1 ___ 1!!1_> __ .!E!/s~£l ___ i~l----~L~~£!1 ____________ 1~L~~c) _J.~!!!l 
0 9/28 1307 2.0 81 15.8 17 ~ 1 210 0.067 o. 045 68.0 
-1.77E 00 0.3 12.6 
0 9/28 1335 2.3 81 15.9 17.2 200 0.076 o. 046 70.0 
-1. 43E 00 0.3 11.6 
0 9/28 1408 2.9 8.1 16.0 17.3 160 0.094 0.046 
69.1 -9. 35E-01 0.3 9.3 
09/28 1436 2.5 82 16.1 18.1 160 0.084 0.077 104.0 
-1.74E 00 0~3 8.1 
0 9/28 1504 3.0 83 16.2 18.0 400 0.100 0.065 90.5 
-1.08E 00 0.4 15.0 
09/28 1532 3.5 83 16.4 18.1 120 0.116 0.060 84.3 
-7.41E-01 0.3 6.5 
09/20 1600 3.4 81 16.6 18.0 14 0 0.111 0.046 70.1 
-6.72E-Ol 0.3 8.0 
09/20 1628 3.3 80 16.8 1 7. 8 140 0.106 0.029 50.8 
-5.32E-Ol 0.2 9.6 
09/2!3 1740 3.1 80 16.9 17.8 400 0.102 0.029 51.1 
-5.8 2E-01 0.3 19.5 
09/28 1808 3.5 80 .16.8 1 7. 8 110 0.114 0.030 53.3 
-4.85E-01 0.2 7.8 
09/2H 1836 2.7 81 16.6 17.6 400 0.088 0. 031 52.9 
-8.08E-01 0,3 20.0 
09/28 1904 2.3 8.1 .16.6 17.5 400 0.075 0.032 54.5 





-·' Date/'f ime u RH ·r 'rs Zi U* T* 
l0+3*Qo z/L w* t 
(m/sec) (:t) (C) (C) (m) (m/sec) (C) (m/secK) (m/sec) (min) ---------~-----------------------~-------------------------------------------------_._...._. 
09/29 121 7 2.4 80 13.8 16.1 100 0.079 0.090 
117 .o -2.20E 00 0.3 5.8 
09/29 1245 2.2 78 14.6 16.1 400 0.072 0.052 
76.9 -1.76E 00 0.4 18.0 
09/29 1319 2.7 76 1 5. 4 16.2 440 0.087 0.027 
50.3 -7.80E-01 0.3 22.5 
09/29 1347 3.3 76 15 .. 6 16.3 400 0.106 0.024 
46.4 -4.85E-01 0.3 20.6 
() 9/29 1415 3.5 76 15.7 16.5 430 0.114 0.024 46.7 -4. 26E-01 
0.3 21.1 
0 9/29 14 4 3 4.0 76 15.9 16.6 44 0 0.129 0.018 
40.5 -2.85E-01 0.3 22.3 
09/29 1511 4.7 76 16.1 16.3 410 0.154 o.ooo 
19.5 -9.64E-02 o.l 91.9 
09/29 1540 5.5 76 16.1 15.9 360 0.179 -0.011 
6.6 -2.32E-02 0.3 20.8 
09/29 1626 4.8 76 16.0 16.0 300 0.154 -0.006 11.9 
-5.76E-02 0.2 23.3 
09/29 1654 4.6 76 16.1 16.0 320 0.149 -0.008 1 o. 0 
-5 .17E-02 0.2 22.7 
() 9/29 1722 4.9 76 16.0 16.1 310 0.162 -0.002 17.3 -7.72£-02 
0.1 37.5 
09/29 1750 5.4 76 15.9 16.1 320 0.180 0.002 
21.8 -7.87E-02 0.2 31.4 
09/29 1818 5.1 76 15.8 16.0 280 0.169 0.002 
20.9 -8.62£-02 0.1 32.5 
09/29 1846 4.5 76 1 5. 7 15.9 260 0.14 6 0.003 
22.0 -1.20E-01 0.2 28.1 
09/29 1902 4.3 76 15. 8 15.9 280 0.137 -0.001 
18.0 -1.13E-01 o.1 50.2 
Table 8b. Measured and calculated meteorological paramenters for BLM-2. 
13Lr4- 2 1981 
All Data 
Date/1' ime u Rd r ·rs Zi U* ·r* lO+J*Jo z/L w* t 
____________ jm/ ~~~l_l~l ____ _if_) ___ l~l_. __l!!!_) __ (~~££l_~l ___ i m/ 5 ecK) (rn/sec) .i~i~l 
Ol/06 1355 5.6 66 16.7 15.6 160 0.175 -0.039 -18.6 7. 4 OC:-0 2 0.3 d.O 
01/06 1425 5.3 66 16.8 15.6 160 0.163 -0.041 -21.5 9.791!:-02 0.3 8.0 
Ol/06 1455 4.3 60 17.3 15.7 160 0.118 - o. 0 51 -30.6 2.651!:-0l 0.3 8.3 
01/06 1542 2.6 64 17.1 15.8 160 0.057 -0.036 -19.6 7.39E-Ol 0.2 11.9 
01/06 1612 5.4 53 17. 7 15.7 170 0.157 -0.068 -42.2 2.05E-Ul 0.4 7.2 
01/0 6 1642 4.7 Sil 17.3 15.6 170 0.132 -0.056 -34.1 2. 351:!:-01 0.4 t.>.1 
u l/06 1712 5.3 61 17.1 15.6 180 0.159 -0.051 -29.4 l. 4 Ot:-0 1 0.4 u.2 
u1/u 6 1742 4.5 61 17.2 15.6 180 0.128 -0.050 -30.5 2.24£-01 0.3 8.d 
01/06 1812 4.b 52 llLO 15.5 160 0.137 -0.064 -42.2 2. 72£-01 0.4 7.4 
U1/06 1842 3.7 00 16.7 15.~ 160 0.101 -0. 041 -22.5 2.65£-01 0.3 9.5 
Ul/06 1912 2.7 69 16.5 15.5 140 0.066 -0.032 -16.9 4.74t:-01 0.2 lU.b 
01/0o 1~42 1.6 55 16.0 15.4 140 0.053 -0.015 18.7 -7.62t:-Ul 0.2 14.~ 
01/07 1232 3. 2 70 15.0 15.6 100 0.104 0.017 43.6 -4.76E-01 0.2 9.1 
01/07 1320 l.o 71 15.4 15.8 200 0.058 0.009 34.8 -1.19.1:; 00 0.2 22.0 
i ·,) 01/ u 7 1350 1.5 74 15.5 15.d 100 0.052 0.007 3tJ. 9 -1. 34E 00 0.1 15.5 
<J ul/07 1420 1.6 76 15.6 15.8 100 0.052 o.ooo 21.1 -9.27E-Ol 0.0 43.2 r,) 
lll/U 7 1450 1.:5 79 15.7 16.0 100 0. 0 50 O.ll07 27.2 -1. 2dE 00 0.1 15.5 
01/09 1149 3.7 7':J 14.0 15.4 80 0.122 o. 04 6 68.9 -5.49E-Ol 0.2 5.4 
111/09 1221 4.1 84 14.0 15.3 180 0.134 0. 04 2 59.9 -3. 94t:-O 1 0.3 9. 2 
01/u9 1309 4.1 85 14.1 15.3 200 0.137 0.037 54.2 -3.42E-01 0.3 10.2 
u1/09 1339 4.6 iJ7 14.2 15.3 240 0.154 0.036 51.0 -2.53£-01 0.4 11. 2 
01/09 14 09 4.7 88 14. 2 15. 3 240 0.156 0.033 4 7. 1 -2.30E-Ul 0.3 11.5 
lll/ 09 1439 4.6 d7 14. 4 15.3 250 0.153 0.028 42.0 -2.13E-01 0.3 12.G 
01/09 1509 5.0 U4 l4. 6 15.3 260 0.166 0.019 34.0 -1. 45t:-Ol 0.3 14.2 
Ul/UIJ 1539 4. 2 85 14.8 15.4 26 0 0.136 0.014 28.2 -1. 79E-Ol 0.3 16.7 
01/09 16 0~ 3.2 85 15.0 15.3 200 0.101 0.008 21. 0 -2.4 3E-01 0.2 lb.Si 
01/0~ 1639 2.9 &3 15.2 15.3 180 0.0~1 0.001 15.0 -2.10E-Ol 0.1 3:::.2 
01/09 1709 4. 1 87 15.1 15.3 160 0.131 0.004 15.7 -l.O?E-01 0.1 18.3 
() 1/09 1739 4 • 7 8U 15.(}. 15.3 120 0.154 0.008 18.6 -9.16L-02 0.2 11.9 
01/09 1809 5.2 85 15.0 15.3 lOU 0.170 0.005 17.8 -7.25E-02 0.1 11.5 
01/13 0852 3. 9 70 14.4 15.0 180 0.129 0.021 44.1 -3.14E-01 0.3 11.7 
01/13 0948 3.0 79 15.1 15.0 100 0.090 -0.007 7. 5 -1.06£-01 0.1 13.0 
01/13 1l)49 J. j 61 16.0 15.2 100 0.096 -0.024 -6.2 8. 5 9E-02 0.2 Cl.4 
01/13 1119 4.5 76 15.5 15.2 100 0.141 -0.014 -0.2 2.68E-03 0.2 iJ. ~-
01/13 123~ 4. 9 73 16.0 15.3 100 0.152 -0.024 -9.0 4.79£-02 0.2 7.2 
0.172 -0.022 -8.2 3. 4 2E-O 2 0.2 7.1 
BLi-1-2 1981 
All Data 
Date/l' ime u Hti 'l' ·rs :li U* 
'1'* lu+J*Jo z/L w* t 
(m/ sec) (%) _lC) (c) ( m) ( m/sec.) <Q (m/secK) 
(m/secl_<~l 
Ol/13 1339 5.3 71 16.3 15.4 100 U.l67 
-0.030 -14.8 6. 49E-u2 0.3 b.5 
01/13 1409 6.1 61 17.0 15.4 100 0.194 
-0.04 6 -27.5 8.83E-02 0.3 5.3 
01/13 1439 5.5 64 16.9 15.5 100 0.171 
-0.04 5 -26.6 l. lOB-O 1 0.3 5.o 
01/13 1509 5.6 71 16.5 15.5 100 
0.176 -0.036 -20.5 8. 02E-02 0.3 
b.U 
Ol/13 1521 5.1 81 16.1 15.4 100 
0.157 -0.027 -16.4 8.U7t:-02 0.2 
6.9 
01/13 1559 5.4 83 15.9 15.3 130 0.169 
-0.023 -13.2 5.58E-02 0.3 8.4 
lll/13 1629 4.0 87 15.7 15.4 130 0.120 
-0.015 -6.8 5.71E-02 0.2 10.~ 
01/13 1659 4.3 83 15.8 15.4 130 
0.132 -0.014 -4.7 3.32E-02 0.2 10.7 
01/13 1729 4.4 83 15.7 15.4 130 
0.137 -0.013 -2.2 1.52E-02 0.2 11.0 
l) 1/14 1130 3.1 66 15.7 15. 4 100 0.096 
-0.013 8.2 -1. OO.t::-01 0.2 10.2 
01/14 1200 2.0 70 15.7 15.4 100 
o. 061 -0.012 8. 5 -2.621!:-01 0.1 12.3 
01/14 1230 2.5 72 15.6 15.5 80 
0.075 -0.008 12.5 -2.53£-01 0.1 11.3 
01/14 1300 2.3 77 15.4 15.6 50 
0.072 0.002 21.4 -4.82E-01 0.1 
13.4 
01/14 1330 1.8 81 15.3 15.5 50 
0.058 0.002 18.4 -6.33£-01 0.1 13.5 
01/14 1400 1.7 85 15.6 15.7 180 
0.054 0.001 14.4 -5.76£-01 0.1 41.1 
Ol/14 1430. l.U 86 15.6 15.8 180 0.057 
-0.001 11.1 -4.04£-01 0.1 47.7 
/'J 01/14 1500 2.6 86 15.5 15.7 200 0.079 
0.001 12.4 -2.34£-01 0.1 43.1 
·~ 
'.) 01/15 1441 3.3 86 14.8 15.7 150 0.106 0.026 40.2 
-4.23E-01 0.2 1U.4 
01/15 1500 4.8 84 14.8 15.7 200 0.160 
0.026 41.1 -1. 90E-01 0.3 10.9 
01/15 1552 4.0 84 15.1 15.6 100 0.128 
0.013 26. 2 -l.87E-01 0.2 9.4 
01/15 1622 5.3 85 14.9 15.6 360 0.176 
0.021 34.6 -1. 32E-01 0.4 16.J 
01/15 165 2 6.2 85 14.8 15.6 260 0.210 
0.022 35.6 -9.561.::-02 0.3 12.0 
01/15 1722 5.9 85 14.8 15.5 120 o. 200 
0.021 34.9 -1. 02E-01 0.3 
-,. 8 
01/16 0938 3.7 8C:i 14.6 15.9 500 o. 092 
0.043 58.3 -B.l4E-01 0.4 20.5 
01/16 100cs 3.6 88 14.7 15.9 500 0.089 
0. 04 2 56.9 -8.43B-01 0.4 20.9 
Ol/16 1050 4.9 82 15.0 16.0 400 0.130 
0.031 4J.5 -3.40t:-U1 0.4 17.6 
01/16 1120 4.4 83 15.0 16.0 400 0.113 
0.032 49.7 -4.60£-01 0.4 lb.l 
01/16 1150 4.2 83 l5.u 16.1 400 0.108 
O.ll37 55.9 -5.61E-01 0.4 17.5 
Ol/1o 1220 4.0 84 14.9 16.2 380 0.102 
0.044 61.9 -7.01£-01 0.4 16.4 
01/16 1250 4.0 84 14.9 16.2 3 80 0.101 
0.049 68.2 -7 .~lB-IH 0.4 15.9 
Ul/16 1320 4.1 84 14.9 16.2 360 0.104 
0.046 65.0 -7.10E-U1 0.4 15.4 
01/16 1350 3.7 85 14.9 16.2 340 o. 09 2 
0.048 b5.9 -9.22E-01 0.4 1~.3 
Ol/16 1420 3.9 b6 15.0 16.3 320 0.101 
0.045 62.6 -7. 3 31!:-01 0.4 14.5 
01/16 1450 5.1 84 15.1 16.3 300 0.140 
0.039 56.3 -3.38E-01 0.4 1J.1 
01/1 b 1520 6.2 00 15.3 16.2 400 0.179 
0.027 46.1 -1. 70E-tll 0.4 lG. 5 
U1/1b 1550 6.0 ti2 15.3 16.2 400 0.172 
0.027 43.!:.l -1. 761.!:-01 0.4 16.9 
BL1v1- 2 1981 
All Data 
JJate/1' ime u iU-i ·r '1' s :t.i U* 'I' :k 10"'3*(,.10 z/L 
w* t 
___________ (~:!£~l-.L~l ____ ifl __ .i£l __ _!_!!L ___ l!!Y 5 ~£l __ J.£l ____ ( mi~~~!i_) ----- (m/sec) (minl 
01/16 1620 6.1 83 15.4 16.1 400 0.175 0.022 37.9 
-l. 4 61::-01 0.4 17.d 
Ul/16 1650 6.4 84 15.5 16.1 400 0.186 0.016 3U.5 
-l. 04£:-01 0.3 19.3 
01/16 1720 6.6 86 15.4 16.0 400 0.194 0.017 30. 0 
-9.37E-02 0.4 18.7 
01/16 1750 6.2 87 15.4 16.0 400 0.176 0.019 3ll.d 
-1.17£-01 0.4 1U.cl 
01/1o 1820 5.3 85 15.5 15.9 400 0.141 0.011 2 3. 7 
-l. 40E-01 0.3 :t:4.1 
U1/16 1850 4.7 86 15.5 15.9 400 0.122 0.010 21.9 
-1. "738-01 0.3 26.6 
01/16 1:.~20 4.3 88 15.5 15.9 480 0.105 0.010 21.1 
-2.26£-01 0.3 31.1 
01/16 1~50 3.2 8d 15.4 15.9 480 0.073 o.OI5 26.7 -5.90£-01 0.3 3U.S 
01/16 2020 l.d 8~ 15.3 15.9 480 0.032 0.021 33.5 -3.80£ 
00 0.2 36.0 
01/16 2050 O.d ~0 15.1 15.8 400 0.044 0.022 33.6 -2.03£ 00 
0.2 2ti. 1 
01/16 2120 3.1 91 15.1 15.9 400 0.069 0.023 33.2 
-8.32E-01 0.3 24.U 
01/16 2150 4.8 92 15.1 15.8 400 0.127 0.019 28.3 
-2.07E:-01 0.3 20.7 
Lll/16 2220 6.:L 90 15.2 15.8 260 ().176 0.017 26. i3 -1.031::-01 0.3 
14. 5 
01/16 2250 7.1 91 15.2 15.7 160 0.211 0.012 20.1 
-5.32E-02 0.2 11.2 
Table 8c. Measured and calculated meteorological paramenters for BLM-3. 
BLM 3 81 
IHl Data 
Date/Time u RB T Ts Zi U* T* 10 + 3*Qo z/L w* t 
---------1~1 se~_) 1~l ___ .1£l __ _ill ___ (~ ___ ( m/ ~~-) _(£_) __ (m/~~cYj _________ j~_[sec) (m~l 
12/08 1109 3. 4 34 14.9 12.9 80 0.000 -0.000 -o.o 9.99E 02 0.0 0.0 
12/08 1119 3.8 34 15.0 12.8 80 0.091 -0.063 -40.9 6.00E-01 o.o o.o 
12/0 8 112 9 3.6 33 15.3 12. 8 80 0.079 -0.067 -45.8 8.76g-Ql 0.0 0.0 
12/0 B l13q 6.0 33 15.8 12.8 80 0.020 -0.028 -20.0 5.988 00 o.o o.o 
J?. /0 H 114 9 5.2 2C) 17.2 12.9 80 0. 001 -0.003 -2.1 9.99E 02 0.0 0.0 
1 2/0 n 1159 2.R 14 l 7. 4 12.7 80 0. 00 5 -0.010 -8.2 3.39E 01 o.o 0.0 
1 /. /0 8 ]')[)() 2. s 51 11:).2 12.5 BO 0.023 ··0.02~~ -22. B 5.12C 00 0.0 o.o 
12/0 !{ l?l() ?.0 63 11.') 12. s BO 0.028 -0.021 --l(i. 7 2. 6H~ 00 0.0 o.o 
1 :. ;n <~ l? "i? ].0 (J() 11.6 l2. $) fl() o. no 1 --0.001 ·- 0. 4 ').99E 02 o.o o.o 
1 ~ /0 ij 13S?. ?..0 fi4 14.3 13.2 flO 0.035 -0.024 -11).5 l.56E 00 o.o o.o 
12/0 8 1422 1.(} 62 14.7 11.0 80 0. 014 -0.015 -11. B 6.84g 00 o.o o.o 
12/0 8 1452 0.9 69 14.4 12.9 80 o.ooo -0.001 -0.5 9.99E 02 o.o o.o 
12/08 1522 1.3 75 14.2 13.1 80 0. 004 -0.004 -2.9 l. 92E 01 o.o 0.0 
i') 12 /OB 1552 0.8 75 14.4 13.3 130 o.ooo -o. ooo -0.3 9.99E 02 o.o o.o 
-.J 12/08 1622 1.1 73 14.5 13.1 130 o. 000 0.000 o.o 9.99E 02 o.o o.o 
'<..11 
12/08 1652 0.8 69 14.6 13.0 130 0. 000 o. 000 o.o 9.99E 02 o.o o.o 
12/08 1722 0.8 71 14.4 13.0 130 0. 000 0.000 o.o 9. 99E 02 o.o o.o 
12/08 1752 0.9 72 14.3 12.9 130 o.ooo o. 000 o.o 9.99E 02 o.o o.o 
12/08 1822 1. 5 75 14.3 12.8 130 o.ooo o. 000 o.o 9.99E 02 o.o o.o 
12/08 1852 1.3 74 14.2 12.6 130 0. 000 0.000 o.o 9.99E 02 o.o o.o 
12/08 1922 2.0 78 13.5 12.5 130 0.033 -0.021 -16.4 1.85E 00 o.o o.o 
12/08 1952 2.1 80 12.7 12.6 130 0.061 -0.009 1.0 -2.12E-02 0.1 16.3 
12/08 2022 2.8 80 12.4 12.7 130 0.087 0.007 19.8 -3.03E-01 0.1 15.6 
12/08 20 52 2.6 75 12.6 12.6 130 0.079 -0.002 12.7 -2.3 7E-Ol 0.1 24.1 
12/08 2122 1.6 74 12.4 12.4 130 0.053 -0.000 14.8 -6. 05E-01 o.o 45.0 
12/08 2152 1.3 77 12.2 12.5 80 0. 046 0.008 23.8 -1. 31E 00 0.1 13.5 
12/08 2222 2.1 84 11.7 12.5 125 0.067 0.029 41.0 -1.07E 00 0.2 10.3 
12/08 2252 1.9 96 10.9 12.7 110 0.065 0.071 79.8 -2. 23E 00 0.3 7.1 
12/08 2 322 1.3 100 10.7 12.7 120 0.047 0.088 97.3 -5.22E 00 0.3 7.8 
12/08 2352 1.9 207 10.3 12.6 200 0.067 0.094 103.5 -2.77E 00 0.3 9.5 
12/09 0022 3.8 100 10.2 12.6 290 0.128 0.088 97.4 -7.06E-01 o.s 10.0 
12/09 0052 3.4 99 10.3 12.6 280 o. 112 o. 088 97.4 -9.17E-Ol o. 5 10.3 
12/09 0122 1.5 98 10.3 12.6 240 0. 054 0.098 109.5 -4.40E 00 0.4 11.4 
12/09 0152 1.1 97 10. 3 12.6 290 0. 044 0.103 116.6 -7.2 5E 00 0.4 13.6 
12/09 0222 1.1 94 10.3 12.6 270 0.043 0.104 118.4 -7.7 3E 00 0.3 13.1 
12/09 0252 1.4 95 10.2 12.6 280 0.051 0.107 121.0 -5.4 2E 00 0.4 12.5 
BLM 3 81 
All Data 
Date/Time u RH T Ts Zi U* T* l0+3*Qo z/L w* t 
________ ( m/ se~_) _( ~l (C) (c) 
_lm) ( m/ sec) (C) (m/secK) ( rn/ sec) ( rn in) 
12/09 0322 1.6 95 10.2 12.6 310 0. 058 0.101 114.3 -3.96E 00 0.4 13.0 
12/0C! 0352 1.7 94 10.2 12.6 290 0.060 0.100 114.2 -3.73E 00 0.4 12.4 
12/09 0422 2.6 95 10.2 12.6 250 0.087 0.097 109.9 -1.73E 00 0.4 10.0 
12/09 0452 1.8 96 9.7 12.6 200 0.065 0.123 137.4 -3.84E 00 0. 4 . 8.8 
12/09 0 522 1.1 96 9.7 12.5 220 0. 044 0.128 143.9 -8.89E 00 0.3 10.5 
12/09 0 552 0.9 94 10.0 12.5 240 0.036 0.117 133.4 -1.19E 01 0.3 12.2 
12/09 0622 2.1 94 10.1 12.5 310 0.071 0.101 114.8 -2.72E 00 0.4 12.3 
12/0 9 0652 1.8 93 10. 3 12.5 350 0.062 0.094 108.3 -3.32E 00 0.4 14.2 
12/09 0722 2.0 91 10.3 12.5 330 0.069 0.091 105.5 -2.62E 00 0.4 13.3 
12/09 0752 1.9 92 10. 2 12. 5 320 0.065 0.099 114.5 -3.22E 00 0.4 12.9 
12/0CJ OH22 1.7 92 10.1 12.5 310 0.060 0.107 122.9 -4.028 00 0.4 12.7 
1?. /0 9 08'12 1.6 1)3 10. 0 12. 5 330 0.059 0.110 125.3 -4.328 00 0.4 13.2 
1 2/0 q 00?? -:>.4 04 C). i3 12.'1 360 0.081 0.113 12 7. 2 -2.29E 00 0.5 12. 5 
1:?/0'l O'l'i 2 o. 7 9') 'l. 7 12.3 410 0. 031 0.128 144.9 -1.78C Ol 0.4 17.9 
12/0 () 1 o:n 1.7 94 10. 2 12.3 S40 0.059 0.083 101.4 -3. 41E 00 0.5 19.6 
1 ·~ /0 q ]0S2 4.0 go 11. 3 12.4 600 0.130 0.035 44.4 -3.12E-01 0.5 22.2 
12/09 1122 4.4 8R 1.1.4 12.4 540 0.146 0.033 43.9 -2.42E-Ol 0.4 20.1 !\) 
1?. /0 9 1152 3.1. 88 11..4 12.4 640 0.101 0.033 44.2 -5.09E-01 0.4 25.4 <l 0'- 12/0 <) 1222 l.C) 87 11..6 12.4 660 0.126 0.027 37.6 -2.78E-01 0.4 25.8 
12/0q 1252 3.5 85 11.8 12.4 680 0.113 0.020 31. 2 -2.88E-Ol 0.4 30.1 
12/09 1322 3.6 85 11.8 12.4 680 0.116 0.021 32.2 -2 .SOE-01 0.4 29.5 
12/0g 1352 3.5 85 11.8 12.4 720 0.112 0.022 33.3 -3.13E-01 0.4 30.6 
12/0 C) 1422 3.4 86 11.8 12.4 700 0.107 0.019 29.4 -3.04E-01 0.4 32.2 
12/09 1452 2.6 85 12.1 12.4 780 0.081 0.010 19.7 -3. 55E-O 1 0.3 47.4 
12/09 1522 0.7 83 12.3 12.4 0 0.025 0.001 12.4 -2.36E 00 0.0 o.o 
12/09 1552 1.5 82 12.5 12.4 0 o. 048 -o. oo 6 3.7 -l.74E-Ol o.o o.o 
12/09 1622 1.9 81 12. 7 12.4 0 0.054 -0.011 -2.5 1.12E-01 o.o o.o 
12/0 9 1652 2.1 81 12.8 12.4 0 0.053 -0.015 -7.3 3.24E~01 o.o o.o 
12/09 1722 3.2 80 12.7 12.4 0 0.093 -0.015 -6.1 8.84E-02 o.o o.o 
12/09 1752 5.3 83 12.5 12.4 0 0.171 -0. 0.0 6 3.2 -1.19E-02 o.o o.o 
12/0 9 1822 2.9 82 12. 5 12.4 0 0.086 -0.007 2.6 -3. 71E-0 2 o.o o.o 
12/0 <) 1852 2.4 H2 12.6 12.4 0 0.071 -0.009 0.2 1. 56E-O 3 o.o o.o 
12/0'J 1922 3.2 78 13.0 12.4 0 0.088 -0.024 -14.6 2.31E-Cll o.o o.o 
12/0'l 1952 2.2 04 12.5 12.4 0 0. 06 5 -0.007 0.9 -1.7 SF.--0 2 o.o o.o 
] ?. /0 9 20 ;~ 2 1.4 81 12.6 .12. 3 n 0.037 -0.011 -4.0 3. 72P.--01 0.0 0.0 
12/ll~l 20 ')) 0. '~ !j () l /.. 5 12.4 0 0.020 -0.007 -1.8 5.82l~-·0] o.o o.o 
1)[,'1 3 dl 
All l1ata 
I) cYl: ,o. /I' j f:•e u r' f J 'f' 'TS Zi U* '1'* lOt 3*()o z;r. ':·1* t 
(rr•/EPC) ( ,q ( (; ) (c) ( <TI) ( mj SE'C) (C) (·11/secl\) (n-jsec) ( rn in ) -~----·-----------------------------·------------------------------------------
l 2 /0 l) 2122 1.4 93 17..0 12.4 0 0.047 0.014 20.2 ~1.08E 00 o.o o.o 
12/09 2152 1.1 94 11.9 12.4 0 0.038 0.018 2 3. 6 -1. 89E 00 o.o 
o.o 
1?./0 q 2222 1.0 96 11.7 12. 5 0 0.038 0.027 32.6 -2.68E 00 0.0 
o.o 
12/09 2252 1.9 98 11.7 12.5 0 0.062 0.027 31.0 -9.64E-01 
o.o o.o 
12/09 2 322 1.2 98 11.7 12.5 0 0.043 0.028 32.7 -2.13E 00 
o.o o.o 
12/09 23')2 0.9 98 11.6 12.5 0 0.035 0.035 39.9 -3.77E 00 o.o o.o 
12/10 0022 1.2 98 11.6 12.5 0 0. 044 o. 035 39.9 -2. 50E 00 o.o 
o.o 
12/10 0052 2.0 98 11.6 l2 .5 0 0.065 0.034 38.3 -1.06E 00 o.o 
o.o 
12/10 0122 2.2 96 11.5 12.5 0 0.072 o. 035 40.7 -9.29E-01 o.o 
o.o 
12/10 0152 1.8 95 11.6 12.5 0 0.059 0.035 40.7 -1.3 7E 00 o.o 
o.o 
12/10 0222 2.4 94 11.6 12.5 0 0. 076 o. 031 37.9 -7.68E-01 o.o 
o.o 
12/10 0252 1.3 94 11.5 12.5 0 0. 04 7 0. 038 45.1 -2.4 3E 00 o.o o.o 
12/10 0322 1.4 94 11.6 12.5 100 0. 04 9 0.033 39.9 -1. 94E 00 0.2 9.4 
12/10 0 352 1.1 95 11.7 12.5 0 0.039 0.028 33.7 -2. 60E 00 o.o o.o 
12/10 04 22 1.3 96 11.8 12.5 0 0. 046 0.025 2 9. 9 -1.66E 00 o.o o.o 
12/10 0452 1.8 96 11.8 12.5 0 0.059 o. 024 28.6 -9.76E-01 o.o o.o 
12/10 0 522 2.2 93 12.3 12.5 0 0. 067 0.005 8.9 -2.31E-01 o.o o.o 
! .) 12/10 0 552 3.2 92 12.4 12.5 0 0. 098 -0.001 3.2 -3.8 3E-02 
o.o o.o 
-,.J 12/10 0622 4.1 91 12.6 12.5 0 0.125 -0.008 -4.1 3. 24E-02 o.o o.o 
. .J 
12/10 0652 3.8 92 12.3 12.5 0 0.118 o. 00 3 7.4 -6.24E-02 o.o o.o 
12/10 0 722 4.2 89 12.6 12.5 0 0.127 -0.008 -3.1 2. 3 5E-0 2 o.o o.o 
12/10 0 752 4.3 90 12.8 12.5 0 0.129 -0.015 -10.6 7.68E-02 o.o o.o 
12/10 08 22 3.6 91 12.7 12.5 0 0.106 -0.009 -5.3 5.72E-02 o.o o.o 
12/10 0852 2.0 92 11.3 12.5 0 0.066 0.049 58.6 -1.59E 00 o.o o.o 
12/10 1022 2.3 96 10.8 12.5 0 0. 076 0.066 75.3 -1. 55E 00 o.o o.o 
12/10 1052 2.2 94 11.2 12.6 0 0.072 0.052 61.1 -1. 39E 00 o.o o.o 
12/10 1122 2.5 94 11.6 12.6 0 0.079 0.039 46.5 -8.79E-01 o.o o.o 
12/10 1152 3.0 95 11.7 12.7 0 0.096 o. 034 40.5 -5.20E-01 o.o o.o 
12/10 1222 1.2 95 11.9 12.6 0 0.043 0.027 32.0 -2.06E 00 o.o o.o 
12/10 12 52 1.1 92 12.3 12.7 0 0.039 0.012 17.5 -1.38E 00 o.o o.o 
12/10 13'12 1.4 88 12.8 12.7 0 0.041 -0.007 -1.1 8.62E-02 o.o 
o.o 
12/10 1422 1.0 86 12.9 12.7 0 0.027 -0.008 -2.0 3.38E-01 o.o o.o 
12/l 0 1452 2.6 84 13.3 12.7 0 0.064 -0.020 -14.8 4. 30E-01 o.o o.o 
12/10 1522 4.0 71 14.7 12.7 0 0.095 -0.058 -50.6 6.75E-01 o.o o.o 
12/10 1552 3.5 66 15.3 12.7 0 0.066 -0.057 -~0. 6 1. 37E 00 o.o o.o 
BLM 3 81 
All Data 
Date/Time u RH T Ts Zi U* T* 10•3*Qo z/L w* t 
( m/ se~ .. L~l ____ _i£l._ ___ (f_) _(!_!!l < m/ ~~L___i£L (m/S!:CKl_ J.~/sec) (min) 
12/10 1622 1.7 74 14.3 12.7 0 o. 002 -0.002 -1.4 7.48E 01 o.o o.o 
12/10 1857 2.6 62 14.3 12.6 100 0. 04 5 -0.036 -26.7 1. SSE 00 o.o o.o 
12/10 1946 3.9 60 14.1 12.6 0 0 .. 103 -0.048 -32.1 3. 67E-O 1 o.o o.o 
12/10 2016 3.9 58 14.2 12 .6 0 0.100 -o. os1 -35.9 4.34E-Ol o.o o.o 
12/10 2046 4.5 55 14.3 12.5 0 0.122 -0.059 -41.4 3.32E-Ol 0.0 o.o 
12/10 2130 2.4 59 13.4 12.5 0 0.056 -o. o29 -12.5 4.87E-Ol o.o o.o 
12/10 2200 3.2 56 13.6 12.5 0 0.085 -0.037 -17.1 2.89E-Ol o.o o.o 
12/10 2230 4.4 54 13.8 12.5 0 0.124 -0.048 -26.7 2.11£-01 o.o o.o 
12/10 2300 3.7 55 13.6 12.5 0 0.104 -o. 038 -18.5 2.11£-01 o.o o.o 
12/10 2330 4.7 54 13.5 12.5 0 0.144 -0.037 -15.2 9.13£-02 o.o o.o 
12/11 0000 4.0 57 1.3.4 12.5 0 0.117 -0.032 -11.9 1.08£-01 o.o o.o 
12/11 0030 5.3 56 12.8 12.5 0 0.174 -0.014 11.0 -3.99£-02 o.o o.o 
12/ll 0100 4.2 62 12.4 12.5 0 0.137 0. 002 23.9 -1.4 7E-01 o.o o.o 
12/11 0130 4.3 63 12.2 12.5 0 0.139 0.008 29.9 -1.79£-01 o.o o.o 
12/11 0200 4.6 65 12.0 12.5 0 0.151 0.016 37.2 -1. 90E-01 o.o o.o 
12/11 0230 5.3 65 11.6 12.5 0 0.178 0.029 51.4 -1.91£-01 o.o o.o 
,,) 12/11 0300 5.0 66 11.5 12.5 0 0.167 0.032 54.4 -2.29£-01 o.o o.o --1 
00 12/11 0330 4.5 63 12.1 12.5 0 0.148 0.009 32.4 -1. 71E-01 o.o o.o 
12/ll 04 00 3.1 62 12.5 12.5 0 0.097 -0.003 19.9 -2.44£-01 o.o o.o 
12/11 04 30 2.5 62 12.5 12.5 0 0.079 -o. oo 3 20. 2 -3.73E-Ol o .. o o.o 
12/11 0500 3.8 66 12.0 12.5 0 0.124 0.016 37.0 -2.8 3E-Ol o.o o.o 
12/11 0530 4. 3 67 12.0 12.5 0 0.141 0.015 34.8 -2. 05E-Ol 0.0 o.o 
12/11 0600 6.3 67 11.4 12.5 0 0.216 o. 038 59.5 -1.49E-Ol o.o 0.0 
12/11 0630 5.5 67 11. 5 12.5 0 0. 186 0. 0 32 53.7 -1.8 2E-01 0.0 o.o 
12/ll 07()0 6.0 6B 11.3 12. 5 0 0.2013 0.041 6 3. 6 -l.72E-Ol o.o o.o 
l ') /l 1 0 73 () 5. 1 6 <) 11.3 12. 5 0 0.174 0.03(} Gl.O -?.. 3 BE·-0 1 0.0 0.0 
1 ~ /] l () li () () L4 72 11.0 12.5 0 0.114 0.055 77.0 ·-7. OO!;;-o 1 o.o o.o 
l 7/ll OBlO ?..0 73 111.6 12.5 0 0.068 0.077 100.9 -2. 5 SE 00 0.0 0.0 
12/ll Qi)Q() 2.0 70 11.3 12. 5 0 0. 068 0.045 68.2 -1.7 2E 00 0.0 o.o 
12/11 0930 2.1 71 11.2 12.5 0 0.070 0.044 67.5 -1. 61E 00 o.o o.o 
12/11 1000 1.9 72 11.3 12.6 0 0.065 0.049 71.7 -1.98E 00 o.o o.o 
12/ll 1030 1.6 73 11.5 12.6 0 0. 056 0.042 64.3 -2.3 7E 00 o.o o.o 
12/11 1100 1.1 72 11.7 12. 6 0 0. 040 0.037 60.5 -4.35E 00 o.o o.o 
12/ll 1130 1.5 72 11.9 12.7 0 0.053 0.031 53.0 -2.24E 00 o.o o.o 
12/11 12 00 2.4 75 12.0 12.7 0 0.076 0.023 41.8 -8.45E-01 o.o o.o 
12/11 1300 4.6 75 12.1 12.7 0 0.151 0.016 32.8 -1. 69E-Ol o.o o.o 
BLM 3 81 
All Data 
nate/'r ime u RH T Ts Zi U* T* l0+3*Qo z/L w* t 
___________ J~L~l_i!l_ ___ 1£l_ ___ j£l__ __ (~-- (m/~~~) <£l ( m/ ~~!Sl ________ (,!!l{~~l_.!. min) 
] 2/11 13 30 4.0 75 12.4 12.7 0 0.127 0. 00 9 25.0 -1. BlE-01 o.o o.o 
12/11 14 00 3.9 72 12.7 12.8 0 0.125 0. 00 3 20.1 -1. 49E-Ol 0.0 o.o 
12/11 14 30 4.3 70 12.9 12.9 0 0.136 -o. oo4 14.0 -8.63E-02 o.o o.o 
12/11 1500 5.9 77 13.0 12.8 0 0.194 -0.010 1.7 -4.2 SE-0 3 o.o o.o 
12/11 1530 7.0 79 13.1 12.8 0 0.234 -0.013 -2.1 5.34E-03 o.o o.o 
12/11 1600 7.4 86 12.8 12.8 0 0. 2 54 -0.004 4.1 -7. OlE-O 3 o.o o.o 
12/11 1630 7.7 84 12.8 12.8 0 0.267 -o. 004 4.9 -7.70E-03 o.o o.o 
12/ll 1657 7.7 82 12.9 12.7 0 0.266 -0.007 3.2 ·~4.92E-03 o.o o.o 
12/ll 1724 R.4 81 l?..A 12.7 0 0.293 -0.007 3.6 -4.52E-03 o.o 0.0 
12/11 1751 7.7 80 12.H 12.7 0 0. 26 3 -0.008 2.<) -4.34E·~03 0.0 o.o 
] 2/11 1 n 1 !3 6. 8 no 12. R 12.7 0 0.230 -0. 00 8 2.8 -- 5 • ') 2 f·~ - 0 3 o.o o.o 
1.? /ll 184') S.B Hl 12. C) 12.6 0 0.188 ·~0.010 -0.5 2.79E-03 0.0 0.0 
] 2/11 ] 912 4.6 Rl 12.9 12.7 0 0.144 -0.011 -1.2 8.78E-03 o.o o.o 
12/11 1939 2.6 84 12.7 12.6 0 0.080 -o. oo2 7.0 -1. 26E-Ol o.o o.o 
12/11 2006 2.5 90 11.4 12.6 0 0.080 0.048 59.0 -1. 08E 00 o.o o.o 
12/13 0730 2.0 88 12.6 12.7 380 0.063 o. 000 8.1 -2.39E-01 0.1 122.3 
12/13 0801 0.8 88 12.6 12.7 400 0. 029 0. 001 9.8 -1. 39E 00 0.1 93.1 
{\) 12/13 0831 1.2 89 12.4 12.7 380 0. 040 0.010 18.0 -1.30E 00 0.2 37.0 
··1 
-D 12/13 0900 1.5 90 12.2 12.8 350 0.052 0.017 25.5 -1.12E 00 0.2 26.9 
12/13 0928 2.4 90 12.3 12.8 320 0.073 0.015 2 3. 3 -5.10E-01 0.2 23.3 
12/13 1000 1.9 89 12.4 12.8 280 0.061 0.010 18.1 ·~5. 62E-01 0.2 26.2 
12/13 1030 1.6 89 12.4 12.8 160 0.053 0.011 20.0 -8.4 5E-01 0.1 18.1 
12/13 1100 0.8 88 12.6 12.9 130 0.030 0.009 18.8 -2.38E 00 0.1 20.4 
12/13 12 30 1.8 90 12.7 13.0 160 0.057 0. 007 14.8 -5. 40E-O 1 0.1 20.8 
12/13 1300 3.7 92 12.6 13.1 160 0.120 0.019 26.4 -2.18E-01 0.2 11.6 
12/13 1330 5.0 98 11.8 13.0 180 0.169 0.040 46.3 -1. 93E-01 0.3 8.7 
12/13 1.400 5.0 96 12.3 12.9 120 0.166 0.016 20.5 -8.8 5E-02 0.2 9.1 
12/13 1430 5.5 97 11.9 12.9 60 0.184 o. 032 37.1 -1. 30E-01 0.2 4.4 
12/13 1500 6.4 98 12.2 12.9 60 0.217 0.019 22.8 -5.75E-02 0.2 4.9 
12/l 3 1530 6.8 96 12.3 12.8 60 0.233 0.013 17.6 -3.8 5E-02 0.2 5.4 
12/13 1600 7.1 92 12.7 12.7 60 0.240 -o. oo 3 1.4 -2.61E-03 0.1 8.5 
12/13 1630 7.0 91 13.1 12.7 60 0.234 -0.013 -9.0 1. 98E-02 o.o o.o 
12/13 1700 6.4 93 13.1 12.7 60 0.208 -0.015 -11.0 3.0BE-02 o.o o.o 
12/13 1730 5.4 89 13.3 12.7 60 0.166 -0.022 -18.1 7. 8 SE-0 2 o.o o.o 
12/13 1800 5.5 90 13.3 12.7 60 0.172 -0.021 -17.1 6.95E-02 o.o o.o 
12/13 1830 6.0 90 13.3 12.7 60 0.192 - o. 023 -19.2 6.24E-02 o.o o.o 
BLM 3 81 
All Data 
Date/Time u RH T Ts Zi U* T* l0+3*Qo z/L w* t 
(m/ sec) ( %) (C) (C) (m) (m/sec) (C) (m/secK) ( m/sec) (min) 
12/13 1900 4.9 89 13.3 12.7 60 0.150 -o. 024 -19.6 1. 04E-Ol o.o o.o 
12/13 1930 2.9 90 13.3 12.7 60 0.074 -0.020 -16.4 3. 55E-Ol o.o o.o 
12/13 2000 2.2 84 13.9 12.7 60 0.039 -0.022 -18.7 1.49E 00 0.0 o.o 
12/13 2030 1.2 83 13.7 12.7 60 o.ooo -0.000 -0.0 9.99E 02 o.o o.o 
12/13 2103 0.9 87 12.7 12.7 60 0. 029 -0.006 1.4 -1.71E-01 0.1 14.6 
12/13 2130 1.4 87 12.6 12 .6 60 0.044 -0.002 6.2 -3.60E-01 0.1 19.2 
12/13 2200 1.1 87 12.7 12.6 60 0.035 -0.003 5.3 -4.85E-01 0.1 17.0 
12/13 2230 1.2 87 12.7 12.6 60 0.038 -o. oo 3 4.2 -3.26E-01 0.1 15.5 
12/13 2300 1.1 88 12.7 12.6 60 0.035 -o. oo 1 6.2 -5.78E-01 o.o 22.3 
12/13 2330 0.9 88 12.6 12.6 60 0.031 0.009 17.0 -2.06E 00 0.1 12.1 
12/14 0000 0.7 87 12.5 12.6 60 0.026 0.010 19.0 -3.36E 00 0.1 12.4 
12/14 0029 1.0 90 12.0 12.6 60 0 • .036 0.023 31.8 -2.94E 00 0.1 8.4 
12/14 0 058 1.1 88 12.2 12.6 60 0.039 0.016 25.9 -l. 96E 00 0.1 9.2 
12/14 0127 1.6 85 12.3 12.6 60 0.053 0.010 20.6 -8.45E-01 0.1 9.8 
12/14 01')6 3.0 81 13.0 12.6 60 0.089 -0.008 1.7 -~2 .17E-02 0.1 8.9 
12/14 Cl7.7S 3. 1 HS ] ?. • 4 12.6 60 0. 00B 0.007 16.3 -2. om;: -o 1 0.1 9.0 
l<i 17./H 02')4 3.2 8 f1 12.2 12.6 60 0.099 0.013 21.6 --2.57E-01 0.1 7.3 '>) 
0 l 2/1 4 0323 2.3 91 12.4 12. 6 60 0. 0 71 0. 00 8 14.3 --3.298-01 0.1 9.6 
12/14 0352 4.0 94 12. 2 12.6 60 0.128 0.011 16.3 -l.l8E-01 0.1 7.0 
12/14 0421 4.1 94 12.3 12.6 60 0.131 0.006 11.0 -7.5 3E-O 2 0.1 8.5 
12/14 0450 3.0 91 12.4 12.6 60 0. 094 0.004 10.4 -l.39E-01 0.1 10.6 
12/14 0 519 1.3 87 12.0 12.6 60 0.044 0.021 32.6 -1.95E 00 0.1 8.1 
12/14 0 548 1.2 82 11.9 12.6 60 0. 043 0.027 42.2 -2.71E 00 0.1 7.5 
12/14 0617 0.8 81 11.8 12.6 60 0 .. 033 o .. 032 48.3 -5.22E 00 0.1 7.8 
12/14 0646 0.8 83 11.9 12.6 60 0.030 0.027 42.2 -5.39E 00 0.1 8.4 
12/14 0 728 1.4 87 11.8 12.6 60 0. 049 0.033 45.2 -2.23E 00 0.1 6.7 
12/14 0800 2 .. 0 79 11.9 12.6 60 0.064 0.025 39.4 -1.11E 00 0.1 6.8 
12/14 0830 1.7 78 12 .. 3 12.6 60 0. 056 0.013 27.5 -1.02E 00 0.1 a .a 
12/14 0900 1.4 72 13.4 12.6 60 0.038 -0.016 -2.1 2.04E-Ol o.o o.o 
12/14 0930 1.4 72 13.2 12.6 60 0.042 -0.015 0.1 2.38E-02 o.o o.o 
12/14 1000 1.0 79 13.0 12.7 60 0.032 -0.010 1.6 -1.49E-Ol 0.1 11.5 
12/14 1100 4.2 77 13.9 12.8 60 0 .. 118 -0.031 -22.0 l.90E-01 o.o o.o 
12/14 1130 5.1 76 14.3 12 .. 7 60 0. 14 9 -0.044 -35.7 1.94E-01 o.o o.o 
12/14 1200 5.8 75 14.5 12.7 60 0.176 -o. 051 -43.2 1. 668-01 0.0 o.o 
1?. /1 4 12 30 6.5 79 13.9 12.7 60 0.206 -0.041 -33 .. 2 9. 358-0 2 o.o 0.0 
12/14 1300 6.3 84 13.7 12.7 60 0.201 - o. 0 32 .. 26.2 7. 7 78-02 o.o o.o 
n r.r,1 3 81 
All Data 
nate/'!' ime [1 RH 'T' '1' s Zi U* T* 10+3*Qo Z/L vJ * t 
___________________ j!2}[~~l_.i~_) ____ .i~l ____ (Cl ___ j~J_ ___ (~L se~l--i~_) __ (~i_~~cKl ___________ (!!_'L:2~~-) _(~in) 
l?./14 l J 1() 7. 1 l.l7 ll. 5 12.7 60 0.235 ··0.026 .• 2 0. 8 4.51E-02 0. 0 o.o 
12/14 14!11) 8. 7 8H l 1. 4 12.7 60 0. 314 -0.024 -·lB.6 2.?.6C-02 o.o o.o 
12/1 4 1410 9.7 90 13.1 12.7 60 0.354 -0.018 -12.9 1. 2 4E-O 2 o.o o.o 
12/14 1500 9.A 91 13.0 12.7 60 0.358 -0.010 -5.1 4.84E-03 o.o o.o 
12/14 1530 9.5 91 13.1 12.7 60 0.348 -0.018 -13.3 1.32E-02 o.o o.o 
12/14 1559 7.7 84 14.3 12.7 60 0.249 -0.054 -49.8 9.55E-02 o.o o.o 
12/14 1612 7.5 85 14.1 12.7 60 0.243 -0.047 -42.7 8.61E-02 o.a o.o 
12/14 1625 7.5 88 13.5 12.7 6a a. 24 9 -a.a27 -23.3 4. 51 E-O 2 o.a a.o 
12/14 16 38 7.6 9a 13.2 12.7 6a a.255 -a.021 -16.3 3.02E-02 a.o o.o 
12/14 1651 7.8 91 13.2 12.7 6a a.264 -0.020 -15.8 2.71E-02 o.o o.o 
12/14 1704 7.8 91 13.2 12.7 6a a.263 -0.020 -16.2 2.81E-02 o.o o.o 
12/14 1717 6.8 90 13.3 12.7 60 0.223 -0.024 -20.1 4. 8 2E-a2 a.o o.o 
12/14 1730 6.7 87 13.7 12.7 60 a.215 -0.035 -31.5 8.18E-a2 o.o o.o 
12/14 1743 6.6 85 14.1 12.7 60 0.206 -0.047 -43.4 1. 22E-01 o.o o.o 
12/14 1756 6.1 86 13.9 12.6 6a 0.190 -0.040 -35.7 1.18E-01 0.0 o.o 
12/14 1809 5.9 87 13.6 12.6 60 0.183 -0.031 -27.3 9.74E-02 o.o o.o 
C~) 12/14 18 22 5.1 88 13.4 12.6 60 0.153 -0.025 -20.8 1.06E-01 o.o o.o C\! 
.... \ 12/14 1835 4.9 89 13.1 12.6 60 0.150 -0.017 -12.5 6.70E-02 o.o o.o 
12/14 1848 6.9 93 12.7 12.6 60 0. 233 -o. oo4 0.3 -4. 05E-04 0.1 8.2 
12/14 1901 5.6 92 12.5 12.6 60 0.183 o. 001 5.8 -2. 03E-02 0.1 15.6 
12/14 1929 5.6 92 12.7 12.6 60 a .181 -a. aa4 0.2 -1.62E-04 0.1 8.5 
12/14 1958 7.7 96 12.2 12.6 60 a.267 0.013 17.4 -2.89E-02 a.2 5.2 
12/14 2030 9.4 97 11.7 12.6 60 0.352 0.032 37.3 -3.56E-02 0.3 3.5 
12/14 21aa 1a.1 98 11.9 12.6 6a a.379 a.a22 26.6 -2. 2aE-a2 0.3 3.9 
12/14 2300 4.2 93 11.8 12.6 60 0.137 a. a30 35.9 -2. 25E-01 0.2 4.9 
12/14 2330 5.3 96 11.5 12.6 60 a .177 a.a4a 46.5 -1.76E-01 0.2 4.1 
12/15 oooa 3.5 95 12.a 12.6 60 a.113 a.a21 25.7 -2. 40E-a1 a.2 5.9 
12/15 003a 4.3 93 1a. 8 12.6 60 a.145 0.070 79.5 -4.46E-01 0.3 3.6 
12/15 01aO 4.2 95 9.8 12.6 60 a .143 a.1a8 12a.2 -6.95E-01 0.3 3.2 
12/15 0130 3.8 96 9.8 12.6 60 0.128 0.111 12 3.4 -8. 91E-a1 a.3 3.3 
12/15 020a 4.1 97 9.5 12.6 60 a.141 a.117 13a. 3 -7.78E-01 a.3 3.1 
12/15 0230 4.0 96 9.8 12.6 6a a.135 a.1a8 119.9 -7 .81E-01 a.3 3.2 
12/15 0300 3.4 95 9.7 12.5 6a 0.115 a.111 123.9 -1.12E oa 0.3 3.4 
12/15 0330 2.2 95 9.3 12.5 6a a.075 0.138 153.1 -3.2aE 00 a.3 3.6 
12/15 0400 2.1 95 9.7 12.5 60 o.a73 a.119 132.8 -2.96E 00 a.3 3.8 
12/15 0430 1.3 90 10.1 12.5 6a a. 04 9 0.110 126. a -6.26E a a a.2 4.5 
BLM 3 81 
All Data 
Date/Time u RH T Ts Zi U* T* 10 t 3*Qo z/L w* t 
(m/~~l-i!l (c) (C) (m) __!.!!!/sec) (C) (m/secK) ( m/ sec) (minl 
12/15 0500 2.4 90 10.7 12.5 60 0.078 0.074 86.2 -1. 69E 00 0.2 4.4 
12/15 0 530 4.0 97 11. 2 12.6 60 0.132 0.051 57.6 -3. 95E-01 0.2 4.2 
12/15 0600 7.9 95 11.6 12.6 60 0.280 0.033 37.7 -5. 69E-O 2 0.3 3.8 
12/15 0630 5.0 92 11.3 12.5 60 0.168 0.045 53.0 -2.231!:-01 0.2 4.0 
12/15 0700 2.2 96 10.5 12.5 60 0.073 0.084 94.0 -2.06E 00 0.2 4.3 
12/15 0710 l.CJ 94 10.6 12.5 60 0.065 0.078 88.8 -2.46E 00 0. 2 4.6 
1? /1 ') 1007 1. t) 94 lO.() 12.6 60 O.fHi4 0.073 83.6 -2.428 00 0. 2 4.7 
12/lS 1 n ?.n .1.7 95 10. 8 12.6 60 0.059 0.078 88.4 -3. 0 OS 00 0.2 4.7 
1?. /l 5 1 04 a 2.2 95 10. 8 12.7 ()0 0.073 0.075 84.5 -l.90E: 00 0.2 4.5 
1?./15 11-1n 4.0 fl6 12.9 12.6 nO 0.120 -0.012 -6.0 5.12E-02 o.o o.o 
12/15 1208 3.6 R4 13.1 12.6 60 0.10 3 -0.018 -11.3 1.308-01 o.o o.o 
12/15 12 ?B 2.2 88 12.6 12.7 60 0.067 0.001 7.2 -1. 83E-Ol o.o 20.5 
12/15 12 48 6.8 91 12.9 12.7 60 0.225 -o. oo 9 -4.9 l. 18 F.-0 2 0.0 o.o 
12/15 1308 8.3 90 13.2 12.7 60 0.284 -0.020 -15.6 2. 318-02 o.o 0.0 
12/15 1328 6.8 88 13.6 12.7 60 0.220 -0.031 -27.5 6.78E-02 o.o o.o 
12/15 1348 4.3 77 14.6 12.7 60 0.113 -0.049 -43.3 4.03E-01 o.o o.o 
12/15 1408 4.3 68 16.9 12.8 60 0.081 -o. os1 -77.6 1. 40E 00 o.o o.o 
(\) 12/15 1428 2.5 63 17.0 12.8 60 0.002 -0.003 -2.6 9.99E 02 o.o o.o D} 
:\) 12/15 1448 2.8 60 17.7 12.9 60 0. 003 -o. oo 5 -5.1 5.88E 01 0.0 o.o 
12/15 1530 6.2 77 14.4 12.9 60 0.192 - o. 04 7 -40.8 1. 32E-01 o.o o.o 
12/15 1600 6.7 77 15.2 12.9 60 0.206 -0.066 -61.2 l. 71E-01 o.o o.o 
12/15 16 30 7.7 78 14.9 12.8 60 0.248 -0.064 -59.1 1.15E-01 o.o o.o 
12/15 1700 7.4 77 15.1 12.8 60 0.234 -o. 068 -63.3 1. 38E-01 o.o o.o 
12/15 1730 6.2 79 14.9 12.8 60 0.18 7 -0.062 -58.0 l. 99E-01 0.0 o.o 
12/15 1800 3.0 75 15.5 12.8 60 0.048 -0.041 -38.8 2.02E 00 o.o o.o 
12/15 1830 1.6 68 l6.S 12 .8 60 0. 001 -o. oo2 -1.9 9.99E 02 o.o o.o 
12/15 1Cl00 2.8 68 16.5 12.8 60 0. 024 -o. 030 -28.5 5.69E 00 o.o o.o 
12/15 ] 930 S.9 82 14.2 12.8 60 0.182 -0.042 ··3 7. 5 l. 35E-01 o.o o.o 
12/15 2000 4.4 67 16.6 12.H 60 0.104 -o. 06B -6 3. 0 6.98E-01 o.o o.o 
1 ·~ /15 2 300 5.6 <)2 11.0 12. 5 60 0.179 -0.017 -14.3 5.36F.-02 0.0 o.o 
12 I l ,.,., ? ·no "i.R <)0 13.0 12. 5 60 0. 186 -0.017 -13.0 4. 5 2E-·0 2 0.0 o.o 
1?/lG ()()()() ') . ~~ C)() 1?. • () l?. • 6 GO 0. 1H 7 ··0.013 -9.5 3.261:>·02 o.o o.o 
l? /1 (, ll () 30 4.'1 Fjq ] 2. q 12.6 60 0.139 -·0.013 --:3 • G 5. 3 9l~··O 2 o.o o.o 
12 /l f) lllOO 2.3 H7 13.1 12. 6 60 0. 056 -0.014 -10.5 4.068-01 o.o o.o 
12/16 0130 LR 75 14.0 12.6 60 0. 026 -0.018 -14.1 2.48E 00 o.o o.o 
12/16 0200 3.2 69 14.8 12.5 60 0.063 -0.046 -39.1 1.17E 00 o.o o.o 
au~ 3 81 
P..11 Data 
na te/'1' ime u RH 'P Ts Zi U* T* 10+3*Qo z/L w* t 
___________ j~/s~~l-~l-___ 1£ __ ) __ _lfl (m) (m/sec) (C) (m/secK) _jm/sec) (rninl 
12/16 02 30 2.1 72 14.4 12.5 60 0.022 - o. 020 -17.3 4 .10E 00 o.o o .. o 
12/16 0251 2.6 72 14.4 12.5 60 0.043 -0.033 -28.5 1.81E 00 o.o o.o 
12/16 0313 4.2 73 14.5 12.5 60 0.032 -0.029 -25.1 2.87E 00 o.o o.o 
12/16 0326 2.9 73 14.6 12.5 60 0.073 -0.048 -42.5 9. SOE-01 0.0 o.o 
12/16 04 01 1.0 75 14.2 12.6 60 o.ooo -0.001 -0.6 9. 99E 02 o.o o.o 
12/16 0421 1.1 74 14.5 12.6 60 0. 001 -0.001 -1.0 9.99E 02 o.o o.o 
12/16 0441 1.4 72 14.7 12. 5 60 0. 001 -0.001 -0.9 9.99E 02 o.o o.o 
12/14 1929 5.6 92 12.7 12.6 60 0.181 -0.004 0.2 -1. 62E-04 0.1 8.5 
12/14 1958 7.7 96 12.2 12.6 60 0.267 0.013 17.4 -2.89E-02 0.2 5.2 
12/14 2030 9.4 97 11.7 12.6 60 0.352 o. 032 37.3 -3.56E-02 0.3 3.5 
12/14 2100 10.1 98 11.9 12.6 60 0.379 0.022 26.6 -2. 20E-02 0.3 3.9 
12/16 0501 2.2 72 14.4 12.5 60 0.024 -0.022 -19.3 4. 05E 00 o.o o.o 
12/16 0 521 2.4 74 14.2 12.5 60 0. 038 -o. 028 -23.3 l.92E 00 o.o o.o 
12/16 0541 2.4 72 14.5 12.6 60 0.041 -0.029 -23.8 1.73E 00 o.o o.o 
12/16 0601 2.0 75 13.9 12. 6 60 0. 036 - o. 022 -16.6 1. 54E 00 o.o o.o 
12/16 0621 2.7 72 13.9 12.6 60 0.059 -0.031 -22.7 7. 73E-01 o.o o.o 
12/16 0641 3.6 68 14.0 12.6 60 0.095 -0.037 -25.6 3. 4 4E-01 o.o o.o 
12/16 0701 3.4 67 13.9 12.6 60 0.087 -0.036 -24.5 3.89E-01 o.o o.o 
1-.) 12/16 0721 4.7 63 14.5 12.6 60 0.132 -0.052 -38.4 2.63E-Ol o.o o.o r/J. 
\~) 12/16 0741 8.0 66 14.2 12.5 60 0.139 -0.050 -37.7 2.35E-01 o.o o.o 
12/16 0801 8.9 66 14.3 12.6 60 0.171 -0.049 -35.5 1.46E-01 o.o o.o 
12/16 0841 4.1 62 14.1 12.6 60 0.114 -0.042 -28.2 2.64E-01 o.o o.o 
12/16 0901 4.6 61 14 .6 12 .6 60 0.128 -0.051 -36.9 2. 7 3E-0 l o.o o.o 
12/16 0921 4.1 62 14.5 12.6 60 0.112 -o. o47 -33.8 3.27E-01 o.o o.o 
12/16 0941 4.6 58 15.5 12.6 60 0.121 -0.065 -52.0 4 .23E-01 o.o o.o 
12/16 1001 4.5 54 15.8 12.6 60 0.115 -0.072 -58.5 5.32E-01 o.o o.o 
12/16 1021 4.5 50 16.4 12.7 60 0.104 -0.081 -67.4 7.39E-Ol o.o o.o 
12/16 1041 3.6 56 15.3 12.7 60 0.081 -0.053 -41.2 7.47E-01 o.o o.o 
12/16 1101 3.7 59 14.B 12.8 60 0. 092 -0.045 -32.6 4.64E-Ol o.o o.o 
12/16 1129 6.5 55 15.2 12.7 60 0.124 -0.055 -41.9 3. 25E-Ol o.o o.o 
12/16 114 4 6.2 51 15.9 12.9 60 0.106 -0.059 -45.9 4.88E-01 o.o o.o 
12/16 1159 5.6 49 15.9 12. 8 60 0. 058 -0.045 -34.9 l. 25E 00 o.o o.o 
12/16 1214 5. 3 60 14.7 12.9 60 0.058 -0.032 -21.7 7.72E-Ol o.o o.o 
12/16 1.229 5.6 63 14.4 12.8 60 0.070 -0.032 -22.5 5.55E-01 0.0 o.o 
12/16 1244 6.1 66 14.7 12.9 60 0.090 -0.041 -32.1 4.72E-01 o.o o.o 
12/16 12')9 6.7 73 14.5 13.0 60 0.113 -0.042 -33.4 3.11E-01 o.o o.o 
BL~, 3 Rl 
All nata 
nate/rime {] RH 'f' Ts Zi U* 'J'* l0+3*Qo z/L w* t 
(rn/Pec) (!t.) (C) (C) (m) (m/sec) (C) {:n/secK) (rr;jsec) (min) 
------··----.. --... -----------,------------------------·-·-·-----.-.i..-------.. ----------.... ------... --.-.. --.. - .... -,--------
U/1 G 1114 9.0 70 1 4 • 5 13.1 60 0.204 -0.045 ·~ 3 5. 7 1. 038-01 o.o o.o 
l 2/l f, 1129 1().6 77 ) 4. 4 13. 1 60 0.261 -0.045 -3fi.4 6.40E-02 o.o o.o 
12/16 1400 10.0 <10 13.8 13.2 60 0.240 -~0.024 -15.5 3. 2 SE-0 2 o.o o.o 
12/lo 1410 9.6 81 13.8 13.3 60 0. 226 -0.020 -11.2 2.69E-02 o.o o.o 
12/16 1.500 8.9 83 13.7 13.3 60 0.211 -0.018 -10.0 2.72E-02 o.o 0.0 
12/16 1530 8.4 84 13.7 13.3 60 0.201 -o. 011 -10.1 3.04E-02 o.o o.o 
12/16 1600 8.3 86 13.6 13.2 60 0.200 -0.016 -9.6 2.89E-02 o.o o.o 
12/16 1700 6.0 85 13.6 13.2 60 0.214 -0.017 -10.2 2.69E-02 o.o o.o 
12/16 1730 5.8 84 13.7 13.2 60 0.213 -0.020 -12.9 3.44E-02 o.o o.o 
12/16 1800 6.7 83 13.8 13.4 60 0.239 -0.016 -7.8 1. 67E-02 o.o o.o 
12/16 1830 7.2 81 14.0 13.4 60 0. 253 -0.023 -14.6 2.76E-02 o.o o.o 
12/16 1900 9.4 79 14.2 13.3 60 0.329 -0.034 -25.4 2.81E-02 o.o o.o 
12/16 1930 6.9 76 14. 2 13.2 60 0. 224 -0.036 -25.5 6.12E-02 o.o o.o 
12/16 2000 6.1 71 14.4 13.2 60 0.191 -o. o4o -27.3 9.01E-02 o.o o.o 
12/16 20 30 4.7 70 14.0 13. 2 60 0.141 ·- 0. 0 30 -17.1 1. OSE-01 o.o o.o 
12/17 0830 3.6 66 13.1 13.2 60 0.105 o. 001 21.6 -2.28E-01 0.1 16.4 
12/17 OCJOO 3.3 72 13.1 13.6 60 0.245 0.014 31.5 -6.13E-02 0.2 5.3 
(l 12/17 ocno 2.R 75 13.2 13.6 60 0.064 0.012 30.3 -8.52E-01 0.1 8.5 
0} 12/17 1000 2.2 77 13.4 13.4 60 0.083 -0.001 13.0 -2.188-01 0.1 19.2 l>-
l? /17 J n 10 2. ] 7'1 13.5 l1.S 60 0.101 -0. 00 4 10.6 -] •] C)E-Q 1 0.1 10.8 
12/17 1)0() 1 • 9 77 13.6 11.4 ()0 0.082 -0. 00 9 3.7 -6. 03F.-~02 0.1 8.9 
12/17 ] l 10 ? • 2 79 l3. 6 l3. 5 100 O.OHO -~0.006 6.3 -~l.lH~-01 (). l 14.5 
1//1 7 12 0 f) ?.g :·n J 3. ;;, 1 3. 7 120 0.074 o. on 1 12.H -~ 2 • 7 4 r. -o 1 0.1 27.8 
12/17 12 30 4.4 02 11.6 13.B 170 0.027 0.004 17.8 -2.90E 00 0.1 32.9 
12/17 1300 5.0 84 1 3. 4 13.9 220 0.050 0.016 28.8 -1.3 7E 00 0.2 20.1 
12/17 1330 4.7 82 13.4 14.0 220 0.067 0.021 35.5 -9.31E-01 0.2 16.9 
12/17 1400 3.3 80 13.5 14.2 230 0.112 0.023 38.9 -3.68E-Ol 0.3 14.1 
12/17 14 30 6.6 83 13.5 14.0 180 0.095 0.014 26.5 -3. 43E-01 0.2 15.0 
12/17 1500 6.1 85 13.5 13.8 180 0.090 0.007 17.9 -2. 61E-.Ol 0.2 18.8 
12/17 1530 5.3 76 13.8 13.6 180 0.056 -o. oo9 4.3 -1. 51E-01 0.1 20.7 
12/l 7 1600 5.1 76 14.0 13.7 60 0.048 -0.011 1.1 -4.0 5E-02 0.1 9.7 
12/17 16 30 4.9 82 13.7 13.5 80 0.082 -0.005 3.9 -6. 50E-02 0.1 13.0 
12/17 1700 4.6 84 13.6 13.6 90 0.072 0.001 9.4 -2.12E-Ol 0.1 26.4 
12/17 1730 4.8 89 13.4 13.6 120 0.032 o. 008 15.1 -1. 73E 00 0.1 20.1 
12/17 1800 4.8 91 13.2 13.4 120 0.040 o. 008 14.0 -1. OlE 00 0.1 18.4 
12/17 1830 3.9 88 13.3 13.4 160 0.038 0.001 7.6 -6.08E-Ol 0.1 50.1 
BLM 3 Rl 
All Data 
Date/Time u RH T Ts Zi U* T* 10 + 3*Qo z/L w* t 
(m/sec) ilL (C) (C) (m) ( m/sec) (C) ( m/secK) (m/sec) ( rn in) 
12/17 1900 4.7 85 13.5 13.5 240 0.027 o. 00 3 12.0 -1. 98E 00 0.1 47.1 
12/17 1930 1.8 83 13.4 12.7 280 0.040 -o. 014 -9.8 7. 25E-01 o.o o.o 
12/17 2000 1.0 77 13.6 12.9 200 0.024 -0.010 -3.0 6.8 3E-0 1 o.o o.o 
12/17 20 30 1.5 75 13.8 12.7 160 0. 025 -0.015 -9.6 1.78E 00 o.o o.o 
12/17 2100 4.3 78 13.8 13.0 140 0.126 -o. 023 -13.4 1. 03E-0 1 o.o o.o 
12/17 2130 5.2 77 14.0 13.1 140 0.159 -0.028 -18.6 B.84E-02 o.o o.o 
12/17 2200 6.2 80 13.9 13.1 60 0.197 -0.027 -18.6 5. 76E-02 0.0 o.o 
12/17 22 30 6.5 84 13.6 13.1 200 0.213 -0.017 -9.7 2. 60E-02 o.o o.o 
12/17 2300 7.0 8<} 13.3 13.1 300 0.233 -0.010 -4.5 l.02E-02 o.o o.o 
12/l 7 2330 8.8 92 12.5 13.1 170 0.327 0.017 22.4 -2.48E-02 0.3 9.0 
12/l B 0000 8.6 93 11.9 13.0 ] 70 0. 306 o. 036 43.8 -5.52E-02 0.4 7.1 
L~ /1 \l () 0 10 C).4 94 11.7 13.0 170 0.352 0.041 4 9. () -4. 68E-·0 2 0.4 6.5 
1 ~ /1 !j 010() ll.l f17 ll.G 11.0 150 0. 379 0.045 51.6 -4.25E-02 0.4 5.7 
12/JH nno 10. l liS 11.5 12. R 150 (). 3 4 :~ 0.046 53.0 -- 5 • 3 5F. -0 2 0.4 s.a 
12/1B 020() 0.~ 95 11.6 13.0 /.50 0.270 0.045 52.4 -7.97E-02 0.5 8.8 
12/lfl ()?. 30 8.7 95 11.6 13.4 250 0.261 0.060 69.7 -l.22E-01 0.5 8.1 
12/l H 0300 8. 8 94 11.6 13.5 250 0.267 0.064 74.4 -1.2 3E-01 0.5 7.9 
/\.) 12/l!l 0330 2.2 C)) 11.7 13.4 250 0. 228 0.056 65.4 -1. 49E-01 0.5 B.B (.Q. 
\.)l 12/1 R 0400 1.9 92 11.9 12.8 250 0.234 0.027 34.0 -7.3 SE-02 0.4 11.1 
12/lB 04 30 2.3 92 12.0 12.8 250 0. 2 50 0.025 31. 3 -5.91E-02 0.4 11.1 
12/1 B 0 500 2.7 91 12.1 13. 2 250 0.228 0.034 42.9 -9.74E-02 0.4 10.3 
12/18 0530 2.2 89 12.4 13.1 250 0.243 0.018 26.3 -5.26E-02 0.3 12.4 
12/18 OfiOO 3.4 90 12.4 12.8 250 0.250 0.012 18.6 -3.49E-02 0.3 14.3 
12/1R 06 30 7.0 89 12. 5 13.1 250 0.202 0.019 27.3 -7.86E-02 0.3 13.1 
12/18 0700 7.1 87 12. 5 13.1 250 0.213 0.020 29.3 -7.62E-02 0.3 12.7 
Table Bd. Measured and calculated meteorological paramenters for BLM-4. 
BLM-4 1982 
All Data 
Da te/'l' i me u RH 'I' 'fs Zi U* 'l'* l0+3*Qo Z/1 w* t 
___________ l!!l~~~~:.L J !l ____ lfl ____ ifl ___ c ~----i!!L~~~l ___ ifl __ __ l!!'L~~~!il _____________ l.~L~~£l_J ~!~l 
06/21 0000 2.4 92 12.7 11.4 750 0.033 -0.021 -21.1 2. 24E 00 o.o 0.0 
Ou/21 0030 1.5 90 12.8 11.2 750 0.10 5 -0.043 -42.7 4. 6 OE-01 0.0 0.0 
U6/21 0100 3.0 91 12.8 11.6 750 0.150 -0.036 -34.7 1.83E-Ol 0.0 0.0 
Oo/21 0130 3.2 89 12.9 12.6 750 0.145 -0.005 0.7 -3 .lBE-03 0.3 4 b. 1 
06/21 0200 5.2 8b 12.9 12.6 750 0.209 -0.008 -1.7 S.lGE-03 0.0 u.o 
06/21 0230 3.9 88 12.8 12.0 750 0.112 -0.024 -19.6 1. B 8E-01 o.o 0.(; 
06/21 0300 3.8 90 12.5 12.0 750 0.10 9 -0.017 -12.7 1. 28E-01 0.0 o.o 
06/21 0330 4.2 91 12.4 12.1 750 0.129 -0. 011 -6.2 4. 58E-02 o.o 0.0 
06/21 0400 3.8 91 12.3 12.4 700 0.119 0.001 6.8 -5.56E-02 0.2 75.9 
G6/21 0430 3.2 92 12.2 12.5 700 0.101 0.009 14.~ -1.7 2E-01 0.3 42.4 
06/21 0500 4.5 93 12.1 12.4 70 0 0.144 0. 0 07 12.6 -7 .15B-02 0.3 4 0. 0 
06/21 0530 3.1 92 12.2 11.8 700 0. 08 8 -0.013 -9.4 1. 4 7E-01 0.0 0.(; 
()6/21 06 00 2.2 92 12.2 11.9 700 0.058 -0.010 -6.9 2.45E-01 0.0 0.0 
06/21 0630 1.8 92 12.2 11.9 700 0.048 -0.009 -5.3 2. 79E-01 0.0 0.0 
I'J ()6/21 0700 1.8 91 12.2 12.1 650 0. 051 -0.0 06 -1.4 7.16t:;-02 0.0 0.0 ("' ()< UG/21 0730 2.1 92 12.3 12.2 700 0.063 -0.003 }. _ _:: -3.40E-02 0.2 69.L 
00/21 0800 2.6 92 12.2 12.3 700 0. 080 0.001 5. i -1.04E-01 0.1 105.8 
06/21 08 30 2.1 93 12.2 12.8 750 0.067 0.023 30.9 -8 .1&£-01 0.3 36.6 
fio/21 0935 3.9 93 12.3 13 •. 3 750 0.128 0.036 44.8 -3.25E-01 0.5 25.5 
06/21 1030 2.7 v9 13.1 12 •. 3 B 50 0.065 -0.01& -15.6 4.38t:-01 0.0 0.0 
lJG/21 1100 3.4 b6 13.6 12.4 820 0.085 -0.028 -25.3 4.15E-01 o.o O.G 
06/21 1130 1.9 84 14.2 12.2 850 0.006 -0.006 -6.1 1. 82£ 01 o.o 0.0 
06/21 1200 2.1 81 14.9 12.3 810 0.010 -G.010 -9.9 l. 2 ~,E 01 o.o o.o 
06/21 1230 2.7 83 14.5 12.5 840 0.047 -0.031 -29.4 1. 59£ 00 o.u u.u 
06/21 1300 3.3 82 14.7 12.4 840 0.066 -0.043 -41.6 1.15£ OG o.o O.U 
06/21 1330 4.2 83 14.5 12.5 860 0.10 5 -0.054 -51.7 5.63E-01 0.0 o.o 
06/21 1400 4.5 84 14.4 12.8 850 0.121 -0.050 -46.2 3./7E-01 0.0 o.o 
06/21 1430 5.0 b4 14.4 12.9 800 0.141 -0.051 -46.9 2.U3t:;-01 o.o o.u 
(;6/2] 1500 5.1 85 14. 2 12.8 850 0.145 -0.049 -45.3 2.57£-01 0.0 0.0 
06/21 1530 4.6 86 14.1 12.7 862 0.128 -0.046 -42.6 3.12E-01 0.0 0.0 
06/21 1600 4.2 87 14.1 12.6 870 0.1C8 -0.044 -42.0 4.26E-Ol o.o o.u 
Ub/2] 163 0 3.6 87 14.1 12.6 870 0. 08 5 -0.040 -37.8 6.30£-01 0.0 0.0 
06/21 l"tOO 3.2 88 14.0 12.5 B 70 0.072 -0.036 -34.7 8.06L-01 o.o O.G 
06/21 1i30 3.3 09 13.7 12.6 860 0. 080 -0.031 -29.4 5.52£-01 o.o u.u 
06/2] 1830 2.6 90 13.6 12.5 800 0.055 -0.025 -23.2 9.04E-01 o.o 0.(; 
BLH-4 1982 
All Data 
Date/'l'ime u RH ·r 'l'S Zi U* T* 10 + 3* Qo 
z/L w* t 
(m/sec) (%) (C) (C) (m) (m/sec) (C) (m/secK) (rn/sec) (min) 
-----------------------------------------------------------------------·-------------------------------------· 
06/21 2100 4.8 95 12.8 12.4 000 0.145 -0.016 -14.4 
8.17E-02 o.o o.u 
06/21 2130 5.5 95 12.8 12.3 800 0.175 -0.017 -15.8 
6.151:::-02 0.0 0.0 
06/21 2200 4.9 95 12.8 12.2 800 0.151 -0.016 
-16.4 8.63E-02 o.o o.o 
06/2] 2230 6.1 94 12.7 12.2 800 0.197 -0.017 -15.7 4.841:::-02 
o.o 0.0 
(J6/21 2300 5.5 92 12.7 12.1 800 0.171 -0.020 -17.1 7.01E-02 
o.o 0.0 
06/21 2330 5. 2 91 12.7 12.1 800 0.160 -0.021 -18.1 
8.42E-02 o.u o.o 
ou/22 0000 5.1 YG 12.8 12.1 800 0.156 -0.024 -21.3 
1.U5E-01 o.o 0.0 
06/22 0030 4.7 90 12.8 12.1 800 0.139 -0.024 -20.9 
l. 29E-01 o.o o.o 
06/22 0100 3. 7 91 12.7 12.1 800 0.101 -0.021 -17.9 
2.08E-01 o.o o.o 
06/22 0130 3.1 90 12.7 12.0 800 0. 08 3 -0.020 -16.8 
2.94E-01 o.o o.o 
06/22 0200 3.2 91 12.7 12.0 800 0.084 -0.021 -18.9 
3.17E-01 0.0 o.o 
06/22 0230 2.1 91 12.6 11.9 sou 0.045 -0.017 -15.4 
8.94E-01 o.o 0.0 
06/22 0300 2.2 91 12.5 11.9 750 0.047 -0.017 -14.6 
7.73£-01 0.0 0.0 
06/22 0330 ~.0 Y2 12.4 12.0 750 0.050 -0.011 -8.5 
4.11E-01 o.o 0.0 
i) U6/22 U4UO 1.8 93 12.3 12.0 700 0.048 -0.008 -5.1 
2. 7 OE-01 o.o o.o 
01 06/22 0430 1./ 93 12.2 12.2 700 0.050 . -0.002 1.8 
-7. 31E-02 0.1 b6.3 
·-l 
06/22 0500 2.1 94 12.2 12.2 680 0. 063 -0.002 1.2 
-3 •. 33E-02 0.1 79.l:l 
06/22 0530 2.3 94 12.3 12.3 680 0.068 0.000 3.6 
-9.09E-02 0.1 149.6 
l)6/22 0600 2.9 94 12.3 12.2 670 0. 086 -0.002 1.4 -2.10E-02 0.1 
75.8 
06/22 0630 3.1 94 12.4 12.2 660 0.092 -0. 0 04 -o.s 
1. 42E.-02 0.0 o.c 
06/22 0700 3.1 94 12.4 12.0 660 0. 086 -0.011 -8.6 
1.39E-01 o.o 0.0 
06/2 2 0800 2.9 84 13.1 12.0 650 0.066 -0.02.1 -23.0 
6.29E-01 o.o o.c 
U6/22 0830 1.9 82 13.6 11.9 700 0.016 -0.014 -12.3 
5.69E 00 0.0 o.o 
U6/22 0900 1.0 8 r 14.2 ll. 9 720 0.000 -0.001 -0.8 
9. 99E 02 o.o 0.0 
L 
06/22 0930 l.o 73 15.8 12.0 720 0.001 -0.002 -1.8 
9. 99E 02 0.0 0.0 
06/22 1000 1.6 71 15.9 11.8 700 0.001 -0.001 -1.4 
9. 99E 02 o.o 0.0 
06/22 1030 2.5 72 16.0 12.0 70 0 0.002 -0.003 -2.5 
9. 99E 02 o.o O.u 
Ob/22 1100 2.7 76 15.3 12.5 720 0. 028 -0.031 -29.2 
4. 39E 00 0.0 0.0 
06/22 1130 1.6 76 15.4 13.6 720 0.004 -0.004 -3.3 
2 .68E 01 o.o 0.0 
06/22 1200 1.6 74 15.9 13.8 720 0.001 -'-0. 0 01 -1.0 
9.72E 01 o.o 0.() 
06/22 1230 1.6 74 16.0 14.0 650 0.004 -0.004 -3.6 
2. 26E 01 0.0 0.0 
Lo/22 13 00 2.5 76 15.7 13.9 650 0.047 -0.031 -24.7 
1. 31E 00 o.o 0.0 
06/22 1400 4.C 80 15.2 13.8 6 50 0.104 -0.041 -34.7 
3. dOE-01 o.o 0.(; 
06/22 1430 4.0 80 15.4 13.9 600 0.104 -0.044 -36.9 
4.11E-01 o.o u.O 
06/22 1500 5.0 19 15.6 13.6 600 0.137 -0.060 -54.2 
3.4/E-01 o.o 0.0 
OG/22 1530 6.5 7~ 15.6 13.7 600 u. 200 -0.060 -53.1 
1. 58E-01 0.0 o.u 
BLM-4 1982 
All Data 
Da te/'l' ime u H.H 'l' 'l'S Zi U* 'l'* 10t3*Qo z/L 
w* t 
(m/sec) ( %) (C) (C) (m) ( nvsec.) (C) (m/sec K) (m/sec.) (min) 
---,----------------------------------------------------------·-----·------·--------·--·-·----·-----------·-----------
Ob/22 1600 6.2 77 15.6 13.3 600 0.183 -0.071 
-64.8 2.31£-01 o.o o.o 
OG/22 1630 5.1 77 15.6 13.1 600 0.13 6 -0.0 7 2 
-67.d 4.39£-01 0.0 o.o 
06/22 1700 4.9 7'd 15.4 12.9 600 0.128 -0.068 
-64.1 4.66E-01 o.o o.o 
06/2 2 1730 4.8 82 14. 7 12.8 600 0.13 0 -0.058 
-54.5 3.d7E-01 0.0 o.u 
G6/2 2 1800 4.4 U2 14.3 12.7 600 0.117 -0.046 
-42.1 3.64£-01 0.0 0.0 
06/22 lt330 3.7 b5 13.9 12.6 600 0.092 -0.036 
-32.2 4.50t:-01 o.o o.o 
06/22 1900 3.8 86 13.7 12.7 600 0.103 -0.030 
-25.4 2.85£-01 0.0 o.o 
06/22 1930 3.4 Bi 13.4 12.6 575 0. 09 0 -0.024 -19.6 
2.87£-01 o.o o.o 
06/22 2000 2.6 38 13.1 12.5 560 0. 063 -0.019 
-15.1 4.54!:;-01 o.o 0.0 
Oo/22 2030 2.6 89 13.0 12.5 620 0.065 -0.017 
-12.7 3. 58B-01 0.0 u.o 
U6/22 210ll 2.8 89 12.8 12.5 sao 0.076 -0.014 -9.7 
2 .lHB-01 o.o O.(; 
Uo/22 2130 1.9 90 12.8 12.5 6 20 0.047 -0.012 
-7.6 4.09£-01 o.o 0.0 
U6/22 2200 2.1 90 12. b 12.4 630 0.054 -0.013 -8.9 
3.68E-Ol o.o 0.0 
06/22 2230 2.0 90 12.8 12.5 630 0.048 -0.013 
-9.1 4.71£-01 0.0 0.0 
1\J oo/22 2300 2.2 91 12.d 12.7 630 0. 06.3 
-0.007 -2.2 7.04L-02 0.0 o.o 
Ct) 06/22 2330 2.5 93 12.5 12.8 620 0.076 0.007 13.2 
-2.'/1E-Ul 0.2 45.4 
l<} 
06/2 3 0030 6.7 91 12.7 13.5 590 0. 066 0.032 41.5 
-1.14E 00 0.3 28.3 
06/23 Od30 1.1 94 12.1 12.2 550 0.036 0. 004 
b.O -7.141:..-01 0.1 67./ 
06/23 0900 1.5 93 12.2 12.4 550 0.050 0.010 
15./ -7.43E-Ol 0.2 43.3 
06/2 3 1020 1.6 88 13.1 13.3 600 0.052 0.010 18.8 
-& •. :HB-01 0.2 4~.6 
Go/2 3 1050 1.3 (jlj 13.4 13.6 620 0.043 0. 009 18.5 
-1. l5E 00 0.2 50. g 
0612 3 1204 4. 4 86 13.5 13.7 550 0.143 0.007 16.7 
-9.59£-02 0.3 35. 1 
06/2 3 1234 3. 3 80 14.4 13.9 550 0.099 -0 • 013 -2.1 
2.90B-02 0.0 o.u 
UG/23 14 44 2.4 /4 15.8 12.4 460 0.006 -0.008 
-7.'d 2.58£ 01 0.0 0.0 
(Ju/2 3 1524 3.6 73 16.1 12.6 450 0.060 -0.059 -56.5 1.90E 00 
o.o U.G 
06/23 2034 7.U U9 13.2 12.8 510 0. 2 32 -0.017 -11.6 
2.61E-02 o.o 0.(; 
06/23 2140 5.9 8Y 13.2 13.5 400 0.1/5 0. 007 15.3 
-5.86E-02 0.3 25.8 
Uo/23 2210 5.7 89 13.2 13.5 350 0.160 0.007 15.8 
-7.25£-02 0.2 24.1 
06/23 2337 3.U U9 13.1 13.3 300 0.096 0.005 13.0 
-1.64!::-01 0.2 29.2 
G6/24 00 07 6.4 91 12.9 13 ._j 260 0.188 0.013 
20.4 -6.75£-02 0.3 15./ 
06/24 0158 7.0 92 13.0 13.3 420 0.190 0.011 r1. 6 -5.75E-02 0.3 
22.7 
u6 I 2 4 022U 7. 2 91 12.9 13.4 sou 0.195 0.016 23.2 
-7.22E-U2 0.4 22.3 
uo/24 0401 7.2 96 12.5 13.0 6 (JQ 0.198 o.o11 21.5 
-6.48£-02 0.4 24.5 
06/24 0431 6.0 97 12.3 12.9 550 0.154 0.019 23.2 
-l.l5E-Ol 0.4 24.2 
06/24 0526 5.5 97 12.4 13.2 400 0.138 0.028 
33.4 -2.09£-01 0.4 11.o 
06/24 064 8 5.1 94 12.7 13.2 550 0.130 0. 018 23.6 
-1.65I::-01 0.4 26.2 
BU1-4 1982 
All Data 
Da te/'1' ime u RH ·r Ts Zi U* 'l'* 10t3*Qo Z/L w* t 
____________ J~t:~~l_.i~ l ____ .iS..:l ____ .is; l ___ J m > ____ .i~L~~~l ___ Jfl ____ .i!EL:~~£~ l _____________ .i~L~~~l_JJE.~ ~l 
06/24 0748 3.6 91 13.1 13.5 500 0.116 0.014 22.3 -1. 95t:-Ol 0.3 
2 I. 2. 
Oo/24 0830 2.3 91 13.1 12.7 4 50 0.061 -0.011 -7.2 2. 34E-01 o.o 
O.li 
06/24 0858 2.4 90 13.2 12.8 460 0.060 -0.013 -9.7 3. 23E-01 o.o 
o.o 
06/24 0927 3.2 90 13.4 12.8 460 0.086 -0.017 -13.6 2.20E;-01 o.o 
0.0 
(;6/2 4 1000 2.7 b9 13.4 12.9 500 0.072 -0.015 -11.1 2.58E-01 o.o 0.0 
06/24 1030 2.7 89 13.5 13.1 500 0.075 -0.010 -5.1 1.11E-01 o.o 
u.o 
06/24 1130 3.4 90 13.6 13.0 500 0.095 -0.018 -14.4 1. 92E-01 0.0 
O.G 
06/24 1230 5.4 82 14.9 14.0 500 0.169 -0.021 -12.6 5. 36E-02 o.o 
o.o 
Oo/24 13 00 4.7 81 15.1 14.1 500 0.140 -0.029 -20.9 1. 29£-01 
o.o 0.0 
oo/24 1330 3.9 tl3 15.0 14.4 500 0.118 -0.015 -5.8 5.10£-02 0.0 
o.o 
Oo/24 1400 4.9 84 14.9 14.4 500 0.156 -0.007 1.6 -6.79E-03 0.3 
31.0 
06/24 1430 6.2 86 14.7 14.3 500 0.206 -0.007 1.0 -2.26£-03 0.3 
29.3 
06/24 1500 6.5 83 15.2 14.4 550 0.214 -0.016 -7.9 2.11£-02 0.0 
o.o 
06/24 1530 6.3 83 15.2 14.3 550 0.204 -0.016 -8.4 2.46E-02 0.0 
0.0 
06/24 1600 5.9 84 15.1 14.4 550 0.192 -0.012 -4.4 1.48L-G2 o.o 
o.u 
f . .) OiJ/24 1630 5.9 83 15.3 14.3 550 0.191 -0.016 -?.i 2.57£-02 o.o 0.0 ··t~ 06/24 1700 6.1 83 15.3 14.3 550 0.197 -0.020 -12.4 3.86£-02 0.0 u.o 
06/24 1730 6.1 84 15 •. 3 14. 3 550 0.198 -0.020 -13.4 4. 09E-02 o.u 
o.o 
06/24 1800 6.6 85 15.1 14.2 550 0.21/ -0.020 -13.8 3.53E-02 0.0 
u.o 
06/24 1830 7.2 87 14.9 14.1 550 0.240 -0.023 -1 I .8 3.70t:-02 0.0 
o.o 
06/24 1900 8.4 i:W 14.5 13.5 550 0. 284 -0.033 -29.6 4.37E-02 o.o 
u.o 
06/24 1930 7.6 8H 14.1 13.1 550 0.253 -0.036 -32.5 6. G7B-02 o.o 
u.o 
0G/24 2000 6.9 90 13.9 13.0 600 0.223 -0.032 -28.9 6.94£-02 0.0 
0.0 
06/24 2030 5.9 93 13.4 13.1 600 0.191 -0.014 -10.5 3.47B-02 0.0 
o.o 
06/24 2100 6.2 94 13.2 13.1 600 0.205 -0.004 -0.7 2.16.L-03 o.o 
0.(; 
U6/24 2130 6.1 94 13.1 12.6 6 00 0.197 -0.018 -16.0 4.90E-U2 o.o 
IJ.O 
OG/24 2200 4.9 93 13.1 12.1 600 0.142 -0.0 33 -32.U 1.94E-Ol o.o 
o.u 
06/24 2230 4.0 94 13.0 12.0 700 0.107 -0.030 -29.9 3.12B-01 0.0 
0.0 
06/24 2 3 ou 4.5 89 13.4 12.0 700 0.121 -0.037 -36.1 2.6 8E-01 0.0 
O.G 
06/24 2330 3.4 87 13.6 12.0 750 0.0/6 -0.038 -3b.9 7.61£-01 0.0 0.0 
06/25 oouo 2.7 &5 14.0 11.9 800 0.040 -0.032 -31.3 2.3lt: uu 0.0 O.G 
06/25 0030 2.7 b7 13.9 11.9 1300 0.041 -0.0 32 -31. u 2 .24E Ou 0.0 0.0 
OG/2S ()l()U 2.1 b9 13.5 11.8 800 O.O.L2 -0.018 -1/ •. 3 4.43E OD 0.0 O.G 
U6/2 5 Ul3 0 1.0 89 13.8 11.8 820 0.001 -O.OC1 -l.L. 9. 99.t: 02 0.0 
o.u 
06/25 0200 0.5 db 14.0 12.3 8 20 0.00(; -u.ooo -0.4 9.99B (J2 o.o 0.0 
OG/25 0 230 0.9 87 13.9 13.0 820 0.000 -0.000 -0.3 9.99E 02 0.0 o.o 
n () 
0 
BLH-4 198 2 
All Data 
Date/'l'ime u Hll 'f ·rs Zi U* T* I0+3*Qo z/L w* t 
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Da te/1' ime u HH 'l' ·rs Zi U* 
•yk 10+3*Qo z/L w* t 
___ ________ l~L~~~l_l!l ____ l~l--- ( Cl ___ i m) ____ ( m/ ~~£l ___ J.S:l ____ .1!!•/ s~~~-) _________ j_m/ s~l_l~!!!.l 
06/27 1300 14.3 85 15.4 10.5 100 0.530 
-0.134 -142.0 6.G2E-02 o.o 0.0 
06/27 l3 3 (J 14.2 95 13.6 10.5 100 0.529 
-0 .10 3 -111.0 4.72E-02 0.0 o.o 
u&/27 1400 13.9 95 l3. 6 10.5 100 0. 517 -0.101 
-109.8 4.tit3E-02 o.u o.u 
Oo/L.7 1430 14.3 95 13.5 10.6 90 0.531 -0.098 
-106 •. 3 4. 4 BE-02 0.0 0.0 
Gv/27 1500 14.8 :-J4 13.6 10.6 90 0.554 
-0.100 -108.1 4.19E-02 o.o o.o 
uo/27 1530 14.7 93 14.0 10.5 90 0. 549 
-0.113 -121. 0 4. 78E-02 o.o o.o 
Gu;27 1600 15.6 93 14.1 10.5 90 0.585 
-O.llfi -127.0 4.41£-02 0.0 u.u 
vo/L.7 1630 15.6 93 14.3 10.5 90 0.585 
-0.125 -135.4 4.701:.-()2 o.o o.o 
06/27 1700 13.0 93 14.5 10.5 100 0~471 
-0.130 -140.5 7.52£-02 o.o o.o 
06/2.7 1730 12.5 94 14.5 10.9 100 0.453 
-0.111 -120.6 6.98E-02 o.o 0.0 
06/27 2000 10.1 97 13.4 11.0 200 0.360 
-O.Oi'i -d4.4 7.73E-02 o.o o.u 
Uu/L.7 2030 9.1 9Y 12.8 11.0 250 0. 321 
-0.062 -6b.3 7.8bE-02 0.0 o.u 
oo/27 2100 8.0 100 12.5 11.1 250 0. L64 
-0.052 -57.3 9. i9E-U2 o.o 0.0 
tJo/27 2130 8.1 99 12.4 11.1 250 0. £6 7 
-0.04B -53.0 8. ti 2E-02 o.o o.o 
Co/27 2200 8.1 99 12.4 11.0 4 00 0.270 
-0.04/ -51.1 8. 35E-02 o.o o.o 
L'o/27 2230 7 ~- ~9 12. 3 11.0 400 0. 245 
-0.045 -46.() 9.69E-02 0.0 O.G 
.:; 
[\) (;6/2'7 L.30U 6.6 99 12.2 11.0 300 0.206 -0.041 
-45.3 1.26E-U1 0. Q< 0.0 
0 
_ _.,.-
uuj2d oouo 6.2 99 12.0 11.0 4 00 0.192 -0.035 -37.d 
l.22E-U1 0.0 o.G 
06/28 0030 5.6 9d 12.2 11.0 400 0.170 
-0.034 -3t,.l 1.51£-01 o.o 0.0 
u6/2o 0100 4 ~, 98 12.4 11.0 500 0.109 -0.037 
-40.1 4. OU.-01 o.o o.o 
. "--
Llti/28 0130 4.3 99 12.2 11.0 600 0.116 
-0.034 -37.6 3. 331::-01 o.o o.o 
06/20 0200 4.4 9cl 12.6 11. 1 750 0.114 
-0.043 -47.0 4. 28£-01 o.o 0.0 
uo/2ci U230 4.1 96 12.8 11.1 750 0.1G1 -O.G44 
-46.9 5.47E-01 0.0 0.0 
06/2b 0300 2.6 96 12.8 11.1 850 0. 04 0 
-0.026 -27 .u 2.03£:: 00 o.o u.o 
(J6/28 0330 2.3 ~w 12.7 11.2 800 0. 026 -0.019 
-20. 5 3.6 3E 00 o.o 0.0 
u6/2d 0400 1.1 9Ci 12.8 11. 7 800 0.001 
-0.001 -0.6 9.991!: 02 0.0 o.o 
06/2~ 0430 l.G 98 12.8 11.7 750 0.02C -0.012 
-13.2 3.90iS 00 o.o o.o 
C6/2d osuo 1.5 98 12.9 11.8 680 0.002 
-o. oo1 -1.4 5 .81E 01 o.o 0.0 
06/28 0526 1.7 99 12.9 11. 7 700 0.011 -0.008 
-8.8 8.54£ 00 o.o o.u 
GG/28 0600 1.7 98 12.8 11.8 700 0.015 -0.0 09 
-10.2 5.52E 00 o.o 0.0 
UG/28 063 0 2.6 9B 12.8 ll. 'i 730 0. 049 -0.024 
-25.8 l. 30E 00 o.o o.u 
06/2tl 0700 5.4 97 13.1 11. 7 680 0.159 
-0.043 -46.2 2.17E-Ol 0.0 -, 0.0 
oo/28 0730 4. 2 95 13.3 11.4 680 0.103 
-0.047 -50.5 5.63E-01 o.o 0.(; 
U6/28 0800 3.8 95 13. 3 11.4 680 0.087 
-0.046 -49.0 7.6 3E-01 o.o o.o 
06/2t1 0830 3.0 96 13.2 11.5 600 0.059 -0.033 
-35.5 1. 21E 00 o.o o.o 
06/28 0~00 3. 5 93 13.9 11.7 660 o. 071 
-0.04 4 -46.8 1.11E 00 o.o ll.O 
BLlvl-4 1982 
All Data 
Da te/'1' ime u HH 'l' 'fs Zi U* '1'* 10+3*Uo z/L w* t 
___________ j~/s~~J._(!2_ ____ _iS::l ___ .iSl ___ J!!ll_ ( m/ se_£1_ __ .!. C) ____ i~L~~£~l _____________ jJ!L~~l-J.~_!~l 
06/28 093 0 3.9 94 13.7 11.6 660 0.090 -0.047 -50.0 7 •. 36E-Ol o.o 
G.O 
06/28 1000 5.3 93 13.6 11.7 660 0.150 -0.052 -54.5 2.89£-01 o.o 
o.o 
06/28 1030 7.5 92 13.9 11.2 660 0.234 -0.078 -83.7 1.8 2£-01 0.0 
o.o 
06/28 1100 6.4 94 14.0 11.4 660 0.188 -0.073 -78.1 2 .63E-01 
o.o 0.0 
06/28 1130 4.5 94 14.3 11. 7 700 0.110 - o. 061 -66.1 6.50£-01 0.0 
o.o 
06/28 1300 5.8 92 14.9 11.9 800 0.159 -0. 0/t.l -84.0 3.96£::-01 0.0 
o.u 
OG/28 1330 6.5 93 15.1 11.9 800 0.191 -0.082 -88.9 2.8SE-01 
0.0 o.u 
06/28 1400 6.3 93 15.1 11.8 800 0.178 -0.084 -90.9 3.39E-01 
0.0 o.u 
06/28 1430 6.5 92 15.4 11.8 850 0.183 -0.092 -100.1 3.54E-01 
0.0 0.0 
06/28 1500 6.3 92 15.4 11.9 850 0.175 -0.090 -97.7 3.77E-01 0.0 
o.u 
06/28 1530 7.0 92 15.6 11.9 850 0.206 -0.096 -104.8 2.93E-01 
0.0 o.o 
06/28 1600 8.2 92 15.5 11.8 850 0.259 -0.104 -112.9 1.99E-01 
o.o o.o 
06/28 1630 8.1 92 15.6 11.8 850 0.251 -0.10 8 -116.6 2.20E-01 
o.o 1).0 
06/28 1700 7.7 94 15.2 11.7 850 0.237 -0.099 -107.9 2.29E-01 
0.0 0.0 
06/28 1730 7.0 94 14.8 11.6 820 0.210 -0.089 -97.3 2.6 3E-01 
0.0 0.0 
06/2<:5 1800 7.8 95 14.5 11.6 850 0.243 -0.087 -94.7 l.91E-01 
o.o 0.(; 
i\) 06/28 1830 8.2 94 14.5 11.4 usa 0. 261 
-0.091 -9 9. 0 1. 73t:::-01 o.o 0.0 
·0 u6/28 1900 8.3 94 14.5 11. 3 8 50 0. 263 -0.092 -99.6 1. 71£-01 
o.o o.o 
/0 
06/29 0800 3.3 94 13.4 11.5 3000 0.068 -0.037 -39.2 1.01E 
ou o.o o.c 
06/29 0830 3.8 96 13.2 11.6 3000 0.093 -0.040 -42.8 5.94E-01 0.0 
0.0 
06/29 0900 3.1 95 13.3 11.5 3000 0. 06 (J -0.035 -37.!) l. 24E oo· 0.0 0.0 
06/29 0930 3.0 96 13.2 11.5 3000 0.056 -0. 03 3 -35.8 1.36B 00 o.o 
o.o 
Uo/29 1000 2.7 94 13.7 11.6 3000 0. 038 -0.030 -31.9 2.57t::: 00 
o.o 0.0 
06/29 1030 4.3 92 14.6 11. 7 3000 0. 097 -0.064 -68.6 8.59E-01 0.0 
o.u 
06/29 1200 4.0 92 15.3 12.1 3000 0. 080 -0.060 -64.8 1.19£ 
()(.) 0.0 U.G 
Oo/29 1230 3.9 91 15.6 12.1 3000 0. 068 -0.061 -65.2 1. 6 tiE 00 0.0 
o.u 
06/29 1300 4.0 90 15.9 12.2 3000 0. 068 -0.066 -70.7 l. cl1E 00 0.0 
0.0 
06/29 1330 4.3 95 15.0 12.3 3000 O.lOC -0.059 -64.6 7 .66E-01 o.o u.o 
G6/29 1400 3.9 94 15.1 12.6 3000 0.084 -0.053 -57.0 9. 71B-01 0.0 
0.0 
Go/29 1430 4.0 93 15.7 12.5 3000 0.079 -0.059 -64.2 1. 23E 00 o.o 
0.0 
06/29 1500 3.7 93 15.9 12.5 3000 0.062 -0.054 -59.2 1.8 2E ou 0.0 u.o 
06/29 1530 3.7 97 14.9 12.3 3000 0.071 -0.052 -57.0 l. 34£ (JO o.o 
o.u 
Uti/2';1 1600 4. 4 9U 14.5 12.2 3000 0.102 -0. 0 S9 -64.7 7. 4 4.G- 01 0.0 
u.o 
06/29 1630 5 • .i 10 0 13.6 11. 7 3000 0.142 -0.059 -65.2 3. t; 2£-01 o.o O.G 
0&/29 1700 4.0 99 13.5 11.5 3000 0.091 -0.051 -SG.S 8. 08£-01 o.o 
o.c 
06/29 1730 3.0 07 13. 8 11.5 30 00 0.044 -0.036 -39.2 2.44E 00 o.o 
o.o 
l3LJ.v1-4 19U 2 
All Data 
vate/1' ime u Hrl 'l' 'l'S ~i U* 'l'* 
10+3*1,.}0 z/L w* t 
___________ ..!~~~~£l_.L~l ____ Jfl ____ Jfl ___ ..!!!:l ____ .!.!!:L~~£l ___ J£l ____ J!!!L~~£~L _____________ J.~L~~~l_.i~~~~l 
06/29 1BOO 2.5 97 13.7 11. 'i 3000 0. 026 -0.0:.23 
-24.7 4. 42E 00 o.o o.u 
06/30 0652 8.6 98 14.4 15.0 3000 0.264 0.023 
26.5 -4.52E-02 0.8 59.0 
06/30 0722 8.6 95 15.1 15.0 600 0.257 -0.003 
-0.0 1. 40B-04 0.0 o.o 
06/3 0 092(; 6.8 92 15.3 13.3 600 0.168 - (J. 061 -03 •. ,; 2.661!.-01 
0.0 o.o 
06/30 1008 6.3 U9 15.6 13.8 880 0.14 7 -0.058 -58.1 
3.20£-01 0.0 u.o 
06/30 1038 6 • 90 15.5 13.9 880 0.156 -0.054 
-53.8 2.ti2B-01 0.0 o.o 
• :J 
06/30 1248 4.0 92 16.6 14.9 880 0.061 -0.032 
-33.1 l. 07E 00 o.o G.O 
OG/30 1318 7. 5 93 15.4 13. 0 880 0.192 -0.0/7 
-81.6 2.641!;-01 o.o o.o 
Oil/30 1348 7.5 92 15.5 12.9 880 0.191 -0.0/8 
-b~. 9 2.70£-01 0.0 u.o 
Ub/30 1504 /.7 92 15. i 12.8 eao 0.198 -0.086 
-91. 7 2.79£-01 o.o 0.0 
06/30 154 3 8.4 91 15.8 12.7 900 0.222 -0.095 
-101.6 2.45E-01 o.o 0.0 
06/30 1613 9.5 91 15.9 12.5 900 0.270 -0.108 
-115.4 l.BbE-01 o.o o.c 
u6 I 3 u 1725 10.3 94 15.4 12.6 soo 0 •. 322 -0.(191 -98.6 
l.13E-01 o.o u.o 
06/30 1755 5.5 94 15.3 12.3 900 0.272 -0.098 
-105.0 l.69E-01 o.o o.o 
i\J 06/30 1825 8 • 3 94 15.3 11.9 
900 0.~17 -0.106 -114.4 2.88E-01 o.o o.o 
..... o Ot./30 2012 7. 5 100 14.4 14.0 750 0. 209 -0.0;16 -17.1 
4.6&B-02 o.o O.G 
\_,) 
06/30 20 42 8.1 0 14.1 13.8 750 0.233 -0.013 
-14.7 3.20£-02 o.o 0.0 
06/30 2233 8.3 0 14.3 15.0 700 0.254 0.01/ 
19.6 -3.63£-02 0.5 24.7 
06/30 :t303 8.5 (j 14.3 15.0 700 0. 259 0.024 
-':.6 .1 -4.61£-02 0.5 22.2 
07/01 0545 7.1 100 12./ 11.7 780 0.187 -0.035 
-38.3 1.30E-01 o.o O.li 
07/01 Otl33 2.3 89 15.7 11.9 780 o.ooo -0.0 01 
-1.1 9.99E 02 o.o (J.U 
07/01 0833 2.3 89 15.7 ll. 9 580 0.001 -0.002 
-2.1 9.99E 02 0.0 o.u 
07/01 0953 8.6 91 15.0 12. 3 440 0.236 -0 • 08 7 
-9 2. 0 1.9/E-01 0.0 u.G 
07/01 1023 9.7 92 14.9 12.6 590 0.299 -0. 08 0 
-83.9 1.12E-01 0.0 O.G 
07/01 1131 10.9 93 15.2 14.0 400 0.367 -0.03ti 
-37.9 3.34£-02 o.o u.o 
0 7/01 1312 11. (J 95 15.3 15.3 400 0.382 0. 003 
7.2 -s.aoc:-03 0.3 25.8 
07/01 1342 10.8 ~5 15.4 15.1 500 0.369 -0.010 
-8.1 7.09£-03 o.o o.c 
u·;;ol 1452 11. 2 93 15.7 15.0 500 0.384 -0.023 -21.4 1. 73£-02 
o.o o.u 
07/01 1S22 14.4 94 15.5 15./ 400 (;.52/ 0.010 14.b 
-6.31£-03 0.4 16.2 
IV-5. Wind Direction Variance 
Transport of mat.erial in t.he at.mosphere is mainly 
accomplished by wind advect.ion. The mean wind, averaged over some 
suitably long time, determines the centerline trajectory of a 
plume. The fluct.uat.ion of t.he wind about. t.he mean det.ermines the 
spread of a plume about the centerline. 
It. is not. obvious what. averaging periods should be used t.o 
determine mean wind. The division between what is considered 
average behavior and what. is considered t.o be fluct.uat.ion is not 
clear, and in fact depends on the application for which a 
particular data set is to be used. The basic purpose of the data 
gathered in these experiments is to parameterize a one-hour 
average Gaussian model. Thus, the data presented in this section 
is one-hour average wind direction, and the variance about that 
average for the one-hour period. 'I'hese dat.a are present.ed in 
Table 9. 
Table 9a. one-hour average wind directions, win~ direction 
variances and the number of 10 sec. wJ.nd averages 
for BLM-1. 
BL14-l: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGMA N 
09/23/80 1612-1717 257.4 9.5 228 
09/24/80 1109-1205 231.1 13.3 192 
09/24/80 1206-1301 230.6 12.9 190 
09/24/80 1303-1357 252.4 11.5 189 
09/24/80 1358-1453 261.5 7.7 189 
09/24/8 0 1455-1549 253.7 8.0 186 
09/24/80 1551-1645 262.0 7.1 187 
09/24/80 1743-1837 274.6 6.0 164 
09/27/80 0647-0743 43.0 6.3 186 
09/27/80 0917-1013 278.5 10.2 207 
09/27/80 1110-1206 270.4 6.6 208 
09/27/80 1207-1302 274.3 5.6 201 
09/27/80 1303-1358 273.0 4.7 200 
09/27/80 1359-1454 272.1 4.0 200 
09/27/80 1456-1550 274.5 2.4 198 
09/27/80 1551-1646 273.2 2.9 200 
09/27/80 1647-1742 268.3 2.8 199 
09/27/8 0 1744-1838 268.7 3.6 196 
09/28/80 1239-1335 231.0 10.3 207 
09/28/80 1340-1436 247.1 7.8 208 
09/28/80 1437-1532 256.6 7.4 200 
09/28/80 1534-1628 253.4 4.9 198 
09/28/80 1712-1808 260.4 4.4 207 
09/28/80 1809-1904 256.7 4.5 198 
09/29/80 1149-1245 229.3 5.1 219 
09/29/80 1251-1347 252.7 5.0 216 
09/29/80 1349-1443 262.4 3.3 212 
09/29/80 1444-1540 261.4 3.9 162 
09/29/8{) 1558-1654 266 .o 2.4 218 
09/29/80 1656-1750 268.4 5.2 211 
09/29/80 1751-1846 285.0 3.8 211 
Table 9b. One-hour average wind directions, 
wind direction variances and the 
and the number of 10 sec. wind averages 
for BLM-2. 
BLM-2: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGMA N 
01/06/81 1125-1225 289.3 13.7 217 
01/06/81 1325-1425 296.9 11.6 224 
01/06/81 1425-1542 291.8 22.6 223 
01/06/81 1542-1642 301.2 13.3 221 
01/06/81 1642-1742 279.0 9.5 220 
01/06/81 1742-1842 280,.7 17 .1 220 
01/06/81 1842-1942 341.6 50.7 220 
01/07/81 1132-1232 158 .. 3 s .. o 220 
01/07/81 1250-1350 221,.5 19.5 222 
01/07/81 1350-1450 232.8 30.1 220 
01/09/81 1119-1221 278.0 10 .. 6 221 
01/09/81 1239-1339 27 3.1 6.7 220 
01/09/81 1339-1439 281.4 3.4 220 
01/09/81 1440-1539 278,.9 4.8 218 
01/09/81 1540-1639 276.0 9.2 218 
01/09/81 1640-1739 271.8 3.1 216 
01/13/81 0822-0948 11.0 21.1 253 
01/13/81 1019-1119 299,.3 11.2 251 
01/13/81 1209-1309 298.2 5.6 255 
01/13/81 1310-1409 287.0 5.9 252 
01/13/81 1409-1509 271.0 11 .. 8 253 
01/13/81 1509-1559 254.6 7.4 177 
01/13/81 1559-1659 239.8 8.6 252 
()1/14/81 1100-1200 180.7 46.5 255 
J1/14/81 1200-1300 212.8 23.6 253 
01/14/81 1300-1400 194,.2 15.6 253 
01/14/81 1400-1500 245.6 22.6 252 
01/15/81 1411-1500 203.6 17.3 210 
01/15/81 1522-1622 282 .. 1 32.7 257 
01/15/81- 1622-1722 289.1 6.5 252 
01/16/81 0908-1008 344.3 12.7 249 
01/16/81 1020-1120 323,.5 5.6 254 
01/16/81 1120-1220 3 35.8 6.2 253 
01/16/81 1220-1320 334.6 8.9 252 
01/16/81 1320-1420 319.1 17 .. 7 251 
01/16/81 1420-1520 297.5 4.6 141 
01/16/81 1520-1620 294.9 4.3 250 
01/16/81 1621-1720 294.8 4.8 250 
01/16/81 . 1721.:..1820 294.1 a.o 251 
01/16/81 1821-1920 298.8 6.8 251 
01/16/81 1921-2020 270.7 53,.2 250 
01/16/81 2021-2120 194.9 44.3 250 
01/16/81 2121-2220 276.6 8.8 252 
271) 
Table 9c. One-hour average wind directions, wind 
direction variances and the number of 
10 sec. wind averages for BLM-3. 
BL=,~- 3: HOURLY AVERAGE ~'liND DI2£CTIONS & S IGlv1AS 
DA'rE TL-!E PE PIOD <DI R> SIS01.~ N 
12/08/81 1222-1322 288. 6 51.7 2so-
12/08/81 1323-1422 263.4 8.1 261 
12/08/31 1422-1522 264.8 9.3 263 
12/08/81 1522-1622 2 79.7 42.0 264 
12/03/81 1S23-1722 279.6 42.1 260 
12/08/81 1723-1822 196.6 41.3 251 
12/08/81 1826-1C\22 122.9 23.9 24 3 
12/08/81 1923-2022 110.7 6.4 26 2 
12/08/81 2023-2122 82.2 20. 3 262 
12/08/131 2123-2222 176.3 40.2 262 
12/08/81 2223-2322 214.0 27.7 26 2 
12/0 8/81 2323-0 022 208.8 33.1 262 
12/09/81 0023--0122 275.1 37.1 262 
12/09/81 0123-0 222 48.6 70.1 262 
12/09/81 0223-0322 159.1 41.2 261 
12/09/81 0323-0422 120.6 18.5 261 
12/09/81 0423-0522 14 7. 0 32.9 261 
12/09/81 0523-0622 197.1 49.7 261 
12/09/81 0623-0722 209.7 36.1 261 
12/09/81 0723-0822 129.5 26.0 260 
12/09/81 0823-0922 172.4 16.4 26 2 
12/09/81 0923-1022 182.3 85.3 259 
12/09/81 1023-1122 205.3 11.5 261 
12/09/81 1123-1222 199.5 11.3 263 
12/09/81 1222-1322 173.8 9.8 264 
12/09/81 1322-1422 151.6 12.8 25 2 
12/09/81 1422-1522 94.8 35.0 263 
12/09/81 1522-1622 64.9 10.1 263 
12/09/81 1622-1722 80.3 9.6 263 
12/09/81 1722-1822 114.8 15.6 262 
12/09/81 1822-1922 113.1 12.7 26 3 
12/09/81 1922-2022 105.4 26.3 26 3 
12/09/81 20 22-212 2 252.3 40.6 264 
12/09/81 2122-2222 350.4 25.3 26 4 
12/09/81 2222-2322 55.6 11.6 262 
12/09/81 2322-0022 24.4 16.'3 26 2 
12/10/81 00 23-0122 51.4 10.3 262 
12/10/81 0123-0222 55.5 11.5 262 
12/10/81 0223-0 322 35.8 2 9. 3 262 
12/10/81 0323-0422 33.2 18.3 26 2 
12/10/81 0423-0522 315.9 1).5 262 
12/10/81 0523-0622 312.5 6.J 262 
12/10/81 0623-0722 312.6 7.1 262 
12/10/31 07 23-0 8 22 308.0 5.2 262 
12/10/81 0823-0g22 90.6 51.5 249 
12/10/81 0923-1022 113.1 26.2 261 
BLH- 3: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGMA N 
12/10/81 1023-1122 ---r43.2 14.5 262 
12/10/81 1123-1222 157.3 4.8 166 
12/10/81 1223-1322 153.6 37.1 262 
12/10/81 1323-1422 23.8 46.5 261 
12/10/81 1423-1522 312.6 18.9 261 
12/10/81 1523-1622 28.4 44.5 260 
12/10/81 1623-1722 16.9 25.9 260 
12/10/81 1916-2016 20.0 19.2 263 
12/10/81 1946-2046 15.7 16.5 26 2 
12/10/81 2100-2200 42.8 9.0 268 
12/10/81 2201-2300 7.2 20.7 261 
12/10/81 2300-0 000 345.7 11.6 265 
12/11/81 oo o o-o 1 oo 358.3 16.2 265 
12/11/81 010 o-o 20 o 13.0 18.1 264 
12/11/81 0200-0300 49.0 12.0 264 
12/11/81 0300-0 4 0 0 52.0 15.5 263 
12/11/81 0 4 00-0 500 11.4 24.8 26 3 
12/11/81 0 500-0600 350.0 12 .o 264 
12/11/81 0600-0 700 346.4 5.6 265 
12/11/81 07 00-0 80 0 17.9 24.2 253 
12/11/81 oso o-o 9oo 56.6 11.9 263 
12/11/81 0901-1000 65.0 39.6 255 
12/11/81 1001-1100 120.4 38.9 248 
12/11/81 1101-12 00 240.6 16.6 24 9 
12/11/81 1201-1300 256.8 16.1 24 9 
12/11/81 1301-1400 2 72.5 7.9 248 
12/11/81 1400-1500 28 5. 0 5.1 24 9 
12/11/81 1501-1600 28 2. 6 3.2 24 8 
12/11/81 1603-1657 2'35.7 2.9 226 
12/11/81 1657-1751 291.9 2.3 224 
12/11/81 1752-1845 2')5.7 2.9 223 
12/11/81 1846-1939 325.6 46.1 223 
12/11/81 1913-2006 39.5 Ga.o 223 
12/13/81 0731-0831 71.3 22.3 24 7 
12/13/81 0832-0928 59.5 12.1 232 
12/13/81 0901-1000 70.8 13.2 24 3 
12/13/81 1001-1100 G7.3 66.3 230 
12/13/81 1100-1200 239.3 61.2 270 
12/13/81 1200-1300 2 74.0 8.4 254 
12/13/81 1300-1400 28 5. 7 3.8 24 a 
12/13/81 1400-1500 282.9 3.0 255 
12/13/81 1500-1600 28 8. 4 3.3 26 9 
12/13/81 1500-1700 292.2 2.9 248 
12/13/81 1700-1800 292.2 3.0 24 9 
12/13/81 1800-1900 304. 2 5.2 24 9 
12/13/81 1900-2000 324.5 22.0 250 
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BLM- 3: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGMA N 
---12/15/81 1901-2000 310.8 14.0 255 
12/15/81 2230-2330 309.2 4.1 261 
12/15/81 2331-0030 315.2 3.0 257 
12/16/81 00 31-0130 17.8 21.8 2 58 
12/16/81 0131-0 230 29.3 5.2 258 
12/16/81 02 31-0 326 41.0 14.0 233 
12/16/81 0341-0441 4.1 12.4 256 
12/16/81 0442-0 541 17.6 10.3 253 
12/16/81 0541-0 641 45.2 7.1 254 
12/15/81 0641-0 7 41 32.2 9.1 252 
12/16/81 07 41-0 841 22.1 9.6 251 
12/16/81 0841-0941 18.4 7.4 253 
12/16/81 0942-1041 3 39.3 18.2 254 
12/16/31 1042-1144 299.0 7.8 211 
12/16/81 1145-1244 278.0 9.5 250 
12/16/81 1230-1329 296.2 5.3 248 
12/16/31 1330-1430 297.6 3.0 262 
12/16/81 1431-1530 316.8 5.7 258 
12/16/81 1501-1600 322.2 4.1 258 
12/16/81 1630-1730 315.2 3.0 262 
12/16/81 1731-1830 320.6 5.2 257 
12/16/81 1831-1930 318.2 7.0 257 
12/16/81 1931-2030 328.4 12.7 2 57 
12/17/81 0800-0900 78.4 18.1 259 
12/17/81 0900-1000 87.9 8.5 260 
12/17/81 1000-1100 92.4 13.5 260 
12/17/81 1100-1200 117.9 6.1 259 
12/17/81 1200-1300 39.0 31.9 261 
12/17/81 1300-;1.400 51.2 17.8 260 
12/17/81 1401-1500 75.6 13.7 2 58 
12/17/81 1500-1600 179.4 82.7 260 
12/17/81 1600-1700 252.2 10.3 257 
12/17/81 1700-1800 238.9 99.8 259 
12/17/81 1800-1900 201.0 53.3 259 
12/17/81 1900-2000 41.6 37.7 259 
12/17/81 2000-2100 116.8 21.7 2 59 
12/17/81 2101-2200 135.4 3.1 259 
12/17/81 2201-2300 132.8 4.1 259 
12/17/81 2301-0 000 139.7 4.5 259 
12/18/81 0001-0100 135.6 4.0 259 
12/18/81 0101-0 200 144.0 8.0 259 
12/18/:ll 0200-0300 138.9 6.5 259 
12/18/81 0301-0400 161.4 10.5 257 
12/18/81 04 01-0 50 0 183.7 12.7 257 
12/18/81 0 501-0 6 00 178.1 7.9 226 
12/18/81 0601-0700 16 9. 8 28.2 257 
2cc 
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BLM- 3: · HOURLY AVER.Z\GE WIND DIRECTIONS & SIGMAS 
DATE ·rH1E PERIOD <DIR> SIG•'1A N 
12/13/81 2104-2200 118 .. 7 11..2 226 
12/13/81 2200-2300 107.3 18.6 24 9 
12/13/81 2304-0000 66.1 30.4 232 
12/14/81 0001-0058 54.9 21.4 24 0 
12/14/81 00 59-0156 22.1 10.7 240 
12/14/81 0157-0254 16.0 11.7 241 
12/14/81 0255-0352 317.7 17.4 24 0 
12/14/81 0353-0450 341.7 32.6 240 
12/14/81 04 51-0 548 83.3 19.3 239 
12/14/81 0549-0646 350.2 80.6 239 
12/14/81 0708-0800 31.9 11.7 212 
12/14/81 0801-0900 13.0 20.5 24 9 
12/14/81 0901-1000 313.0 17.3 24 8 
12/14/81 1001-1100 300.7 20.4 247 
12/14/81 1101-1200 292.7 2.9 249 
12/14/81 1201-1300 292.9 2.5 248 
12/14/81 1301-1400 292.6 2.2 24 7 
12/14/81 1401-1500 292.2 2.4 257 
12/14/81 1430-1530 292.7 2.0 268 
2/14/81 1546-1638 295.2 2.2 225 
12/1-t/81 1638-1730 300.0 4.7 224 
12/14/81 1730-1822 308.5 0.0 224 
12/14/81 1322-1929 J:)J.-3 14.() 290 
12/14/81 1935-2030 300.4 2.3 24 4 
12/14/81 2000-2100 298.5 2.5 273 
12/14/81 2230-2330 298.6 5.2 253 
12/14/81 2330-0030 36.H 57.2 2G1 
12/15/81 0030-0130 114.9 6.5 259 
12/15/81 0130-0230 105.4 9.3 259 
12/15/81 02 30-0 3 30 90.9 3.3 259 
12/15/81 0330-0430 62.4 49.5 259 
12/15/81 04 30-0 5 30 278.3 12.5 259 
12/15/81 0530-0630 311.5 26.6 259 
12/15/81 0630-0730 61.0 36.0 257 
12/15/81 o?oo-n aoo 46.1 63.3 256 
12/15/81 0900-1007 167.!) 32.d 26 3 
1_2/15/81 1008-110'3 241.7 33.5 255 
12/15/81 1108-1208 293.3 7.7 255 
12/15/31 1209-1308 306.3 12.5 253 
12/15/81 1308-1408 348.5 23.2 254 
12/15/::11 1349-1448 3 5 g. 4 9.5 253 
12/15/Gl 1500-1600 2q6.Cl 1.0 .1 z- ... 0<:. 
12/15/81 1600-1700 2 99.4 3.6 259 
12/lS/81 1701-1800 30 3. 3 4.8 259 
12/15/81 130l-l9GO 315.5 50. 7 257 
3f:C 
Table 9d. One-hour average wind directions, wind 
direction variances and the number of 
10 sec. wind averages for BLM-4. 
BLM-4: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGNA N 
06/21)82 0002-0100 277.7 6.1 24 0 
06/21/82 0100-0200 28 4. 3 11.9 261 
06/21/82 0200-0300 310.3 7.8 26 2 
06/21/82 0300-0400 298.7 3.8 263 
06/21/82 0400-0 50 0 308.0 17.4 262 
06/21/82 0500-0600 336.2 22.8 262 
J6/21/82 0601-0700 28 5. 3 19.5 262 
06/21/82 0700-0800 262.9 18.2 261 
06/21/82 0730-0830 261.1 28.1 261 
06/21/82 1000-1100 274.0 5.1 262 
06/21/82 1101-1200 271.2 8.6 259 
06/21/82 1201-1300 273.9 6.7 216 
06/21/82 1301-1400 280.5 3.8 260 
06/21/82 1400-1500 278.1 3.0 263 
06/21/82 1501-1600 272.9 4.2 261 
06/21/82 1600-1700 273.9 6.0 261 
06/21/82 1631-1730 273.3 5.9 260 
06/21/82 2000-2100 281.5 2.3 263 
06/21/82 2101-2200 288.7 3.5 260 
06/21/82 2201-2300 297.2 3.6 260 
06/21/82 2301-0 000 289.2 3.1 260 
06/22/82 0001-0100 302.0 5.4 259 
06/22/82 0101-0200 302.9 8.2 259 
06/22/82 0201-0300 344.0 11.9 259 
06/22/82 0301-0400 331.4 11.3 259 
06/22/82 0401-0500 323.6 9.5 261 
06/22/82 0500-0600 313.4 9.9 259 
06/22/82 0601-0700 294.1 5.7 259 
06/22/82 0730-0830 342.2 28.9 266 
06/22/82 0830-0930 295.0 63.6 261 
06/22/82 0930-1030 213.9 8.2 263 
06/22/82 10 30-1130 201.5 6.4 224 
06/22/82 1130-12 30 222.8 10.6 260 
06/22/82 1231-1330 232.1 7.5 217 
06/22/82 13 31-14 30 254.2 10.8 258 
06/22/82 1431-1530 262.7 3.6 259 
06/22/82 1531-1630 26 7. 4 3.3 260 
06/22/82 1631-1730 2 73.3 5.6 259 
06/22/82 1730-1830 2 79.8 8.5 261 
06/22/82 1831-1930 2 77.0 12.1 258 
06/22/82 1931-2030 277.6 12.4 260' 
06/22/82 2031-2130 28 0. 4 20.9 259 
06/22/82 2130-2230 301.9 15.9 261 
06/22/82 2231-2330 291.3 30.2 261 
06/22/82 23 31-0 03 0 277.7 52.5 260 
06/23/82 0031-0130 30 7. 6 11.2 261 
06/23/82 0131-0230 333.2 23.3 261 
06/2 3/82 0231-0330 7.9 31.9 26 0 
06/23/82 0331-0430 38.7 13.1 260 
3C1 
BLM- 4: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <DIR> SIGMA N 
06/23/82 0431-0 530 337.0 33.1 260 
06/23/82 0531-0630 331.1 18.9 256 
06/23/82 0601-0700 334.6 26.4 2 58 
06/23/82 0800-0 900 180.1 28.9 265 
06/23/82 0950-1050 343.1 11.3 264 
06/23/82 1134-1234 290.4 6.6 263 
06/23/82 1414-1524 241.5 9.0 267 
06/23/82 2110-2210 328.6 20.0 265 
06/23/82 230 7-0 007 16.5 18.2 266 
06/24/82 0128-0228 288.9 4.7 26 2 
06/24/82 0331-0431 2 96.8 8.3 263 
06/24/82 0810-0 8 58 327.5 25.7 211 
06/24/82 0902-1000 253.9 19.4 24 4 
06/24/82 1001-1100 294.0 22.8 259 
06/24/82 10 30-1130 305 .. 8 19 .. 8 260 
06/24/82 1200-1300 289 .. 8 14 .. 7 265 
06/24/82 1301-1400 266 .. 5 12.1 261 
06/24/82 1400-1500 274 .. 0 6.2 261 
06/24/82 1501-1600 271.7 2.7 261 
06/24/82 1600-1700 266.9 3.3 262 
06/24/82 1701-1800 263.0 3.4 260 
06/24/82 1801-1900 2 77 .o 7.3 260 
06/24/82 1901-2000 28 3.8 2.5 260 
06/24/82 2002-2100 289 .. 6 4.4 254 
06/24/82 2101-2200 297.1 7.0 173 
06/24/82 2201-2300 305 .. 9 9.5 261 
06/24/82 2301-0000 330.4 15.1 261 
06/25/82 0001-0100 350.2 34.1 260 
06/25/82 0101-0200 40 .. 2 66.5 262 
06/25/82 0201-0 30 0 289.7 23.5 260 
06/25/82 0301-0400 313.0 7.7 259 
06/25/82 0401-0500 323.2 9.5 260 
06/25/82 0501-0600 311.9 13.8 258 
06/25/82 0601-0700 310 .. 6 8.8 258 
06/25/82 0701-0800 316 .. 7 10.3 260 
06/25/82 0800-0900 2.4 18.3 256 
06/25/82 0900-1000 30 7.3 22.0 262 
06/25/82 1000-1100 289.4 6.7 261 
06/2 5/8 2 1101-1200 28 2. 7 2.3 260 
06/25/82 1200-1300 276.3 1.7 261 
06/25/82 1300-1400 278.5 2.6 260 
06/25/82 1402-1500 28 2 .. 8 3.1 253 
06/25/82 1500-1600 28 5.1 1.3 263 
06/25/82 1600-1700 286.1 2.8 261 
06/25/82 1700-1800 294.3 2.9 261 
06/25/82 1731-1830 294.3 2.2 261 
06/25/82 1925-2025 293.5 9.0 26 5 
06/25/82 195 6-2 0 55 30 5. 7 5.2 260 
06/27/82 1100-1200 290.2 3.7 268 
06/27/82 1200-1300 28 4 .o 2.0 263 
BLM- 4: HOURLY AVERAGE WIND DIRECTIONS & SIGMAS 
DATE TIME PERIOD <D !R) SIGMA N 
- 1300.:..1400 06/27/82 284.5 2.3 222 
06/27/82 1400-1500 28 3. 6 2.9 263 
06/27/82 1501-1600 284.8 2.4 26 3 
06/27/82 1601-1700 284.9 2 .. 4 263 
06/27/82 1930-2030 291.8 3.1 267 
06/27/82 2031-2130 293.1 3.4 263 
06/27/82 2132-2230 302 .. 4 4 .. 3 257 
06/27/82 2200-2300 306.6 4.5 264 
06/27/82 2330-0030 299.2 7.5 269 
06/28/82 00 31-0130 307.5 13.2 262 
06/28/82 0131-0230 309.1 6.8 262 
06/28/82 0231-0 330 320.9 29.1 263 
06/28/82 0331-0430 294.4 75.3 263 
06/28/82 0401-0500 305.9 56.7 262 
06/28/82 0530-0 6 30 298.9 19.7 269 
06/28/82 0631-0730 272.0 15.8 265 
06/28/82 0730-0830 290.5 17.2 265 
06/28/82 0831-0930 304.5 21.4 26 4 
06/28/82 0931-1030 283.6 6.8 262 
06/28/82 10 31-1130 275.2 12.9 263 
06/28/8 2 1100-1200 282.0 8.8 249 
06/28/82 1230-1330 26 7. 9 7 .8 267 
06/28/82 1330-1430 2 72 .. 9 5.6 265 
06/28/82 1430-1530 2 72.0 2.8 265 
06/28/82 1530-16 30 276.4 2.3 264 
06/28/8 2 1630-1730 278 .. 5 3.2 264 
06/28/8 2 1730-1830 280.9 4.7 26 4 
06/28/82 1801-1900 286.6 3.5 262 
06/2 9/82 0730-0830 171.7 10.6 267 
06/29/82 0831-0930 171.5 8.1 260 
06/29/82 0931-1030 193.6 5.8 26 4 
06/29/82 1130-1230 180.2 11.2 267 
06/29/82 1231-1330 219.0 13.2 263 
06/2 9/82 1331-1430 225.4 8.4 202 
06/29/82 1431-1530 234.6 6.9 26 3 
06/29/82 1531-1630 271.7 13.1 262 
06/29/82 1631-1730 297.3 25.8 26 3 
06/2 9/82 1701-1800 8.5 56.1 263 
06/30/82 0622-0722 302.5 3.4 263 
06/30/82 0938-1038 321.4 3.0 265 
06/30/82 1218-1318 246.2 27.1 269 
06/30/82 124 9-1348 270.3 6.4 264 
06/3 0/82 1434-1543 26 0.8 4 .. 4 270 
06/30/82 1513-1613 268.6 5.2 267 
06/30/82 1655-1755 2 78 .. 4 3.8 266 
06/30/82 1726-1825 28 3 .. 8 3 .. 4 258 
06/30/82 1942-2042 310.2 3 .. 4 270 
06/30/82 2203-2303 306 .. 4 3 .. 9 190 
07/01/82 08 53-095 3 292 .. 3 7.0 266 
07/01/82 0923-1023 297.8 2.8 26 5 
07/01/82 1242-1342 309.1 3.4 268 
07/01/82 1422-1522 309.2 3.7 26 3 
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IV-6. $hip Moveroents and Relative Wind 
Since t.he dat.a reported here were gat.hered in t.he coastal 
region where t.here can be large spat.ial inhomogeneit.ies, it. is 
important to know the ship's location. During the tracer gas 
releases, t.he ship was anchored at. t.he appropriat.e dist.ance from 
shore. At. ot.her t.imes, it would be drifting, st.eaming slow or 
full ahead, taking data further at sea for homogeneity studies, 
et.c. 
The qualit.y of t.he dat.a depends on t.he direct.ion of t.he 
relative wind over the ship. When the wind is from the stern, 
heat from the ship's exhaust can cause false temperature readings 
if the wind speed is low. When the direction is more than about 
45° off the bow the turbulence sensors are affected, while the 
upper level mean sensors give valid data. Normal procedure when 
taking data is to keep the ship into the wind. This is not always 
possible, such as when a 24 hour operation is in progress and the 
ship must. follow a prescribed t.rack. 
In this section we give both ship location and movement and 
relative wind data. These data can be used to assess the quality 
of met.eorological data and determine t.he locat.ions where 
data were obtained. Note that we do not attempt here to give 
exact. ship locations t.hroughout. t.he cruises (that would be too 
voluminous). Exact. locat.ions can be obt.ained from NPS if t.hey are 
needed. Here we give appropriate locations so that the scenarios 
under which dat.a were gat.hered are known. The relat.i ve wind 
directions appear in table 10. 































Underway from Monterey 
Proceed south ~s miles offshore 
4 nmi off Piedras Blancas light 
Off Pt Buchon 
Round Pt Conception 
Proceed east in Santa Barbara Channel 
Drift near Ventura -..~ 5 nmi from shore 
/ 
Underway for Anacapa to do sea surface temperature work 
Go through Anacapa passage 
5 nmi off Santa Cruz Island, in lee 
Move ship out of lee of island 
Underway to release area 
On station 8 nmi from shore off Ventura. 
Drift overnight 
Drift all day in general Ventura area 
Underway for release position 
On station N 4 nmi from coast near Ventura 
Reposition ship to release position 
Anchor ship for SF6 release 
Remain at anchor overnight 
Underway for Port Hueneme 
In Port Hueneme 
Underway from Port Hueneme 
On station off Ventura, drifting 
Move ship to SF6 release position 
Anchored on station 
















Pull anchor, move to new position 
At SF6 release position 
Anchor on station 
Pull anchor and head for Port Hueneme 
Dock at Port Hueneme 
Underway from Port Hueneme 
Drift at approximate position of Ventura 
Drop anchor at SF6 release position 
Underway for Port Hueneme 
Dock at Port Hueneme 
Underway from Port Hueneme 
Proceed to area south of Channel Islands to work 
oceanic cold fronts 
10/1 1630 Depart for Honterey 
BLM-2 (1981) 












Proceed south ..v 5 miles off shore 
Off Piedras Blancas Pt. 
Off Pt. Conception 
Anchor at SF6 release position off Ventura 
Remain at anchor overnight 
Move ship to proposed release position 
Drift at position 
Move to proposed release position for tomorrow 
Anchor, remain overnight 
































Move t.o new SF 6 release position 
Anchor at new position 
Pull anchor and underway for Port Hueneme 
Dock at Port Hueneme 
Underway from Port Hueneme 
Drift at approximate SF6 release position 
Move ship back to release position 
Drift at position 
Move ship back to position 
Drop anchor at SF 6 release position 
Remain at anchor through night 
Pull anchor and move to proposed release position 
Anchor for the night near Ventura 
Pull anchor and move ship to proposed SF6 release 
posit.ion 
Anchor at release position 
Pull anchor and underway to Port Hueneme 
Put personnel ashore at Port Hueneme 
Leave for San Diego area at ~10 miles off shore 
Turn into wind, ~ 20 miles off San Diego, take data 
Stop taking data, head for San Diego 
Underway from Mont.erey 
Turn t.o sout.h, sail at. "" 5 miles from shore 
Off Pt. • Buchen 
On station off Pismo Beach ~ 5 miles from shore, 
























Drift for the day and repair equipment 
Reposition ship 
Back at position for drifting 
Head for Avila to pick up personnel and equipment 
Leave Avila Beach 
Drifting at release position 
Anchor at. SF 6 release posi t.ion 
Remain at anchor overnight 
Remain at anchor throughout the day 
Pull anchor and move ship to proposed position 
Drifting, waiting for wind 
Move ship back to release position 
Reposition ship, anchor and remain overnight 
Pull anchor and move to SF6 release position 
Anchor at position 
Remain at anchor overnight 
Pull anchor and head for Avila Beach 
Anchor at Avila Beach, shore leave 
Pull anchor and go back t.o SF6 release posi t.ion 
off Pismo Beach 
Drift at release position 
Move ship into position 
Anchor at. release posi t.ion 
Remain at anchor overnight. 
Move ship to proposed SF6 release position 
Anchor ship at release position 
Remain at anchor overnight 
JC3 
12/15 0730 Pull anchor, go in to pick up radiosondes 
0843 Leave Avila, go back to station 
0939 On station, drift 
1055 Move ship t.o new proposed SF 6 release posit.ion 
1115 Drop anchor at new position 
2000 Pull anchor and go to Avila Beach 
2100 Put personnel ashore, sail t.o Pt. Buchon 
2215 Drift at ....., 5 nmi off Pt Buchon 
12/16 0250 Move ship to 10 nmi offshore 
0325 At 10 nmi, check wind, proceed to 15 nmi offshore 
0338 Stop ship and drift at . ....., 12 nmi t.o look for land-sea 
breeze ext.ent. 
0720 Underway back to SF6 release area, 3 nmi offshore 
0810 Stop at release area, drift 
1105 2/3 ahead t.o W 
1615 Change course to N toward Pt Buchan 
1900 Stop at N 3 nmi off Pt Buchon and drift overnight, 
waiting for fog 
12/17 0738 Move 1/2-ahead to north 
0855 Full ahead to west 
1130 Still sailing west, at 50 nmi offshore 
1345 At 70 nmi offshore 
1400 Turn ship and head north 
1920 Stop ship off Pt Sur, drift and wait for fog 
12/18 0033 Slow ahead into wind (145°) 
0310 Full speed ahead for Monterey Bay 
0610 Slow ahead into wind at....., 5 nmi off Monterey (160°) 
0702 End experiment, head for Mont.erey 
BLM-4 (1982) 
6/20 1038 Underway from Monterey 
1242 Head south at ,..., 5 nmi off shore 
2100 Off Mora Bay 
6/21 0000 1/2-ahead from Pt Buchan toward release area 
0207 Stop ship and drift at SF6 release area, 3 nmi 
off Pismo Beach 
0830 Hove ship to place marker buoys 
1050 Back at release area, drift 
1206 t1ove ship to SF 6 release position 
1218 Anchor at release position 
Remain at anchor overnight 
6/22 1055 Pull anchor and move ship to ·new SF6 release 
position 
1115 Drifting at the new position 
1312 Underway to redesignated SF6 release position 
1338 Drop anchor at release position 
2340 Pull anchor and head toward Pt Buchen 
6/23 0140 2 nmi off Pt Buchen, turn towards Mora Bay 
0223 3 nmi off Mora Bay, turn to due N 
0303 At northernmost point of Mora Bay, l nmi off shore, 
turn to due S 
0528 Due W of SF6 release area at 15 nmi off shore, 
turn to due E to return to release area 
0707 Back at release area, ·5 nmi out, drift 
0725 Slow ahead into the wind 
0906 Move ship to 10 nmi from shore 
0945 Slow ahead int.o the wind at 10 nmi 
1056 Move ship to 15 nmi from shore 
1130 Slow ahead int.o t.he wind at. 15 nmi 
1237 Return t.o 5 nmi from shore 
1400 Slow ahead int.o t.he wind at. 5 nmi 
1527 Drift at. ,._, 7 nmi from shore 
2003 Slow ahead into t.he wind at. 5 nmi 
2035 Move t.o 10 nmi from shore 
2109 Slow ahead int.o t;he wind at. 10 nmi 
2212 Move to 15 nmi from shore 
2305 Slow ahead int.o t.he wind at. 15 nmi 
6/24 0008 Move t.o 10 nmi from shore 
0122 Slow ahead int.o t.he wind at. 10 nmi 
0230 Move to 5 nmi from shore 
0335 Slow ahead int.o t.he wind at. 5 nmi 
0433 Move t.o 10 nmi from shore 
0456 Slow ahead int.o t.he wind at. 10 nmi 
0530 Move to 5 nmi from shore 
0615 Slow ahead int.o t.he wind at 5 nmi 
0649 Move to 2 nmi from shore 
0715 Slow ahead into t.he wind at. 2 nmi 
0754 Move ship t.o proposed SF6 release posit.ion at 
3 nmi from shore 
0808 Drift. at. release position 
0900 Make small correct. ions of ship position while 
wait.ing for release 
1147 Anchor at. release posit.ion, remain at. anchor overnight. 
6/25 Remain anchored at this pOsition for the next SF6 
release 
1900 Pull anchor and move t.o t.end buoys 
1920 Move to Moro Bay area and work there overnight 
6/26 0500 Depart Moro Bay for Avila Beach 
0810 Anchor at Avila Beach 
6/27 0630 Depart Avila Beach, proceed to repair buoys 
0800 Repair buoy 
0905 Move to projected SF 6 release position 
1026 Anchor at release position, remain at anchor overnight 
6/28 1025 Pull anchor and move to SF6 release position at 5 
nmi from shore 
1045 Drift. at. release posit.ion 
1150 Move to corrected release position 
1210 Anchor at release position 
1938 Move ship t.o work Moro Bay area overnight. 
6/29 0500 Head back to release area 
0720 Back at. 5 nmi SF6 release posit.ion, drift. 
1110 Move back to release position 
1206 Rotat.e t.he ship int.o t.he wind 
1339 Move to new SF 6 release position 
1349 Anchor at release position 
1835 Pull anchor and proceed to remove buoys 
2000 Move to 20 nmi from shore and drift 
6/30 0724 Move t.o 10 nmi from shore 
0845 Slow ahead into the wind at 10 nmi 
1042 r1ove t.o 1/2 nmi from shore 
1217 Slow ahead int.o t.he wind at 1/2 nmi 
1352 Move back to 1/2 nmi from shore 
1430 Slow ahead into the wind at 1/2 mile 
1619 Ret. urn t.o 1/2 nmi from shore 
1650 Slow ahead int.o t.he wind at 1/2 nmi 
1830 Move t.o 10 nmi from shore 
1938 Slow ahead into t.he wind at. 10 nmi 
2045 Move ship t.o 18 nmi from shore 
2200 Slow ahead int.o t.he wind at 18 nmi 
2300 Move ship t.o 3 nmi from shore and drift. overnight. 
7/1 0518 Slow ahead int.o t.he wind at 3 nmi 
0551 Move t.o 1/2 nmi from shore 
0631 St.op at. l/2 nmi 
0758 Hold ship int.o t.he wind at. 3 nmi 
0840 Move t.o 5 nmi from shore 
0850 Slow ahead int.o t.he wind at 5 nmi 
1027 Move t.o 10 nmi from shore 
1055 Slow ahead int.o t.he wind at. 10 nmi 
1140 Move to 20 nmi from shore 
1243 Slow ahead int.o the wind at. 20 nmi 































09/2 7 1302 
09/27 1330 
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O'J/27 174 2 
One-half hour average relative wind directions 
for BLM-1. 
.iD ( re1) date time v·JD(re1) 
09/2 7 1810 344 
357 09/2 7 18 38 340 
353 09/27 1906 343 
354 ()9/23 1307 25 
55 09/28 13 35 15 
20 9 09/28 140 8 14 
36 09/28 1436 21 
18 09/28 1504 11 
25 09/23 153 2 7 
17 09/28 1600 352 
4 09/28 1628 34 7 
358 09/28 1740 342 
345 09/23 1808 3 35 
3 39 09/28 1836 332 
342 09/28 1904 325 
342 09/29 1217 32 
343 09/29 1245 35 
336 09/29 1319 45 
345 09/29 134 7 33 
353 09/29 1415 32 
61 09/29 14 43 28 
64 09/29 1511 21 
232 09/29 1540 6 
2 76 09/29 1626 343 
283 09/29 1654 333 
281 Ll9/29 1722 327 
23 09/29 175J 326 
21 09/29 1813 331 
17 09/29 1846 327 











Table lOb. One-half hour average relative wind 
directions for BLM-2 
date time wD(rel) date time ~~ 
01/13 1439 34 5 
01/06 1355 5 01/13 1509 349 
01/06 1425 3 01/13 1521 356 
01/06 1455 12 Jl/13 1559 346 
01/06 1542 342 01/13 1629 338 
01/06 lo12 d j1/13 1659 3 36 
01/06 1642 3 50 01/13 172:} 349 
01/06 1712 344 01/14 1130 343 
01/06 1742 341 01/14 120Ll 2 71 
01/06 1812 343 01/14 1230 360 
01/06 1842 354 01/14 130 0 316 
01/06 1912 356 01/14 13 3J 26 9 
01/06 1942 77 01/14 140 0 282 
01/07 1202 25 01/14 1430 283 
01/07 1232 6 7 01/14 1500 347 
01/07 1320 83 01/15 14 41 11 
01/07 1350 81 01/15 1500 19 
01/07 1420 56 01/15 1552 55 
01/07 1450 20 0 01/15 1622 49 
01/09 1149 2 76 01/15 1652 29 
tH/J9 1221 352 01/15 1722 46 
01/09 1309 340 01/16 0938 346 
01/09 1339 348 u1/1o 10 08 3 35 
01/09 1409 352 01/16 1050 354 
u1/J9 1439 353 01/16 1120 10 
01/09 150 9 351 01/16 1150 13 
01/09 1539 34d 01/15 1220 16 
01/09 1509 346 01/16 1250 9 
01/09 1639 34 7 01/16 1320 360 
01/09 1709 3 38 01/16 1350 1 
01/09 1739 3 38 01/16 1420 342 
0110~ 18U9 34 5 01/16 1450 33J 
u1/13 J652 79 01/16 1:520 346 
Ll1/ l3 094d 74 u1/16 1530 3.J,5 
J1/l3 1049 243 Jl/16 1620 346 
01/13 1119 236 01/16 1650 348 
01/13 1239 3<4 5 01/16 1720 343 
01/1.3 1309 348 J1/l6 1750 342 
Lll/13 133 9 346 01/16 1820 356 
01/13 l-±u9 350 J1/16 13:50 352 
Jl5 
BLM-2 1981 
cia te time WD(re1) date time ~'ID ( re1) 
J1/16 1920 0 
01/1.5 1950 340 
01/1o 2020 355 
01/16 205U 269 
01/16 2120 351 
01/16 2150 14 
01/16 2220 8 
01/16 2250 13 
Table lOc. One-half hour average relative wind directions 
for BLM-3. 
date time >-vD(rell. date time wD(re1) 
12/09 0452 313 
12/08 1109 70 12/09 0522 332 
12/08 1119 70 12/09 0552 342 
12/03 1129 68 12/09 0622 342 
12/08 113 9 22 12/09 0652 17 
12;oa 1149 24 12/09 0 722 34 5 
12/08 1159 63 12/09 0752 331 
12/08 1209 72 12/09 0822 354 
12/08 1219 40 12/09 0852 7 
12/08 1252 343 12/J9 0922 a 
12/08 1352 13 12/09 0952 311 
12/08 1422 10 12/09 1022 347 
12/08 1452 17 12/09 1052 7 
12/08 1522 10 12/09 1122 352 
12/08 1552 344 12/09 1152 355 
12/08 1622 24 12/09 1222 359 
12/08 1652 344 12/09 1252 33a 
12/08 1722 10 12/09 13 22 333 
12/08 1752 308 12/09 1352 32 7 
12/08 1322 284 12/09 1422 319 
12/08 1352 279 12/J9 14 52 297 
12/08 1922 315 12/09 1522 236 
12/0<3 1952 3 38 12/09 1552 225 
12/0d 2022 350 12/00 1622 260 
12/08 2052 3 34 12/0':) 1552 261 
12/08 2122 295 12/09 1722 281 
12/08 2152 354 12/09 1752 32 7 
12/08 2222 44 12/09 1822 336 
12/08 2252 &o 12/09 1352 319 
12/0d 2322 22 12/Ll9 1922 316 
12/08 2352 20 12/09 1952 290 
12/09 0022 50 12/09 202 2 322 
12/09 0052 48 12/09 20 52 25 
12/09 0122 311 12/09 2122 ::35 
12/09 0152 163 12/09 2152 277 
12/09 J222 26 6 12/09 2222 173 
12/09 0252 3 39 12/09 2252 227 
12/09 0322 283 12/09 2322 233 
12/09 0352 292 12/09 2352 166 
12/09 0422 290 12/10 0022 188 
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BLL~l-3 1981 
date time WD{re1) date time WD(re1) 
12/10 OJ52 224 12/11 0100 40 
12/10 0122 24 7 12/11 0130 31 
12/10 0152 216 12/11 l) 20U 29 
12/10 0222 227 12/11 0230 l 
12/10 0252 199 12/11 030 0 7 
12/10 0322 156 12/11 0330 353 
12/10 0352 172 12/11 0 40 0 333 
12/10 0422 155 12/11 0430 77 
12/10 04 52 231 12/11 050 0 72 
12/10 0522 73 12/11 0530 40 
12/10 0552 70 12/11 0600 19 
12/10 0622 61 12/11 0630 23 
12/10 0652 58 12/11 0700 13 
12/10 U722 48 12/11 0730 27 
12/10 0752 41 12/11 08 00 61 
12/10 0822 42 12/11 0330 333 
12/10 0852 253 12/11 090 0 112 
12/10 1022 249 12/11 0930 221 
12/10 1052 235 12/11 1000 130 
12/10 1122 52 12/11 1030 215 
12/10 1152 106 12/11 1100 261 
12/10 1222 184 12/11 1130 342 
12/10 1252 178 12/11 1200 357 
12/10 1352 216 12/11 130 0 348 
12/10 1422 169 12/11 13 30 356 
12/10 1452 10 7 12/11 1400 359 
12/10 1522 123 12/11 1430 358 
12/10 1552 132 12/11 150 Q l) 
12/10 1622 246 12/11 1530 357 
12/10 1857 49 12/11 1600 355 
12/10 1::i4 6 173 12/11 1630 356 
12/10 2016 305 12/11 1657 1 
12/10 204 6 340 12/11 1724 357 
12/10 2130 327 12/11 1751 2 
12/10 2200 302 12/11 1818 1 
12/10 2230 322 12/11 1345 3 
12/10 230 0 30 t3 12/11 1912 10 
12/10 2330 9 12/11 1939 3 34 
12/11 OuU 0 au 12/11 2006 135 
12/11 0030 0 12/13 10 30 290 
BLM-3 1981 
date time WD(re1) date time WD(rel) 
12/13 1100 211 12/14 0800 83 
12/13 1230 3 36 12/14 0830 79 
12/13 1300 345 12/14 090 0 58 
12/13 1330 346 12/14 0930 29 
12/13 1400 341 12/14 1000 5 
12/13 1430 3 35 12/14 1100 34 '3 
/ 12/13 1500 3 37 12/14 1130 353 
12/13 1530 342 12/14 1200 352 
12/13 1600 341 12/14 1230 331 
12/13 1630 3 3d 12/14 130 0 34::1 
12/13 170 0 3 39 12/14 13 30 349 
12/13 1730 3 39 12/14 1400 343 
12/13 1800 3 39 12/14 1430 344 
12/13 1830 350 12/14 1500 344 
12/13 1900 349 12/14 1530 344 
12/13 1930 351 12/14 1559 349 
12/13 2000 21 12/14 1512 340 
12/13 2030 2 75 12/14 1625 345 
12/13 2103 160 12/14 1638 341 
12/13 2130 148 12/14 1651 344 
12/13 2200 155 12/14 1704 341 
12/13 2230 160 12/14 1717 350 
12/13 2300 14 9 12/14 1730 345 
12/13 2330 215 12/14 1743 351 
12/14 0000 205 12/14 1756 347 
12/14 0029 217 12/14 1809 346 
12/14 0058 20 6 12/14 1822 353 
12/14 0127 18 3 12/14 1335 352 
12/14 0156 90 12/14 1d48 349 
12/14 0225 353 12/14 1901 337 
12/14 0254 13 12/14 1929 347 
12/14 0323 30 12/14 1953 34 9 
12/14 0352 23 12/14 2030 345 
12/14 0421 23 12/14 2100 344 
12/14 0450 57 12/14 230 0 348 
12/14 0519 162 12/14 2330 348 
12/14 0 548 1o7 12/15 0000 17 
12/14 0617 137 12/15 0030 90 
12/14 0646 3 38 12/lS 0100 53 
12/14 0728 98 12/13 0130 18 
BLM-3 1981 
date time WD(re1) date time WD(rel) 
12/15 0 200 32 7 12/16 0130 12 
12/15 0 230 318 12/16 0200 351 
12/15 0300 315 12/16 0230 4 
12/15 0 330 296 12/16 0251 14 
12/15 0400 2 79 12/16 0313 32 
12/15 04 30 208 12/16 0325 48 
12/15 0 500 3 12/16 0401 359 
12/15 0 530 27 12/1ti 0421 334 
12/15 0600 0 12/16 0441 337 
12/15 0630 29 12/16 0501 337 
12/15 0 70 0 10 0 12/16 0521 330 
12/15 0 7 30 215 12/16 0 541 332 
12./15 1007 3 34 12/16 0601 11 
12/15 1o2o 20 12/16 0621 24 
12/15 1048 41 12/16 0641 332 
12/15 1148 349 12/16 0701 318 
12/15 1208 15 12/16 0721 309 
12/15 1228 23 12/16 0741 32 7 
12/15 1243 4 12/16 0301 32 7 
12/15 1308 355 12/16 Oi341 239 
12/15 1328 5 12/16 0901 297 
12/15 1348 49 12/16 0921 294 
12/15 1408 36 12/16 0941 293 
12/15 1428 46 12/16 1001 293 
12/15 1448 37 12/16 1021 291 
12/15 1530 341 12/16 1041 231 
12/15 1600 352 12/16 1101 230 
12/15 1630 351 12/16 1129 15 
12/15 1700 347 12/15 1144 13 
12/15 1730 350 12/16 1159 3 
12/15 1800 355 12/16 1214 359 
12/15 1830 3 31 12/16 1229 1 
12/15 1900 323 12/15 1244 13 
12/15 1930 344 12/16 1259 14 
12/15 20 00 359 12/16 1314 25 
12/15 2300 2 74 12/16 1329 20 
12/15 23 30 2 78 12/16 1400 17 
12/16 000 0 2 79 12/16 14 30 19 
12/16 0030 291 12/lo 150 0 28 
12/16 0100 3 37 12/16 1530 33 
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BLI-1- 3 1981 
date time WD(re1) date time WD(re1) 
12/16 1600 35 12/18 0 000 80 
12/1o 170 0 2 74 12/18 0030 81 
12/16 1730 2 70 12/18 0100 358 
12/16 1800 273 12/18 0130 6 
12/16 1830 2 75 12/18 0200 8 
12/16 190 0 285 12/18 0230 4 
12/16 1930 273 12/18 030 0 9 
12/16 20U 0 2 75 12/18 0330 227 
12/16 2030 28 2 12/18 0400 173 
12/17 0830 53 12/13 0430 177 
12/17 090 0 173 12/18 J 500 242 
12/17 0930 13 12/13 0 530 172 
12/17 1000 23 12/18 0600 120 
12/17 10 30 38 12/18 0630 343 
12/17 110 0 355 12/18 070U 323 
12/17 1130 3 39 
12/17 1200 344 
12/17 1230 5 
12/17 1300 17 
12/17 1330 25 
12/17 1400 44 
12/17 1430 25 
12/17 1500 28 
12/17 1530 20 ~ 
12/17 1600 342 
12/17 1630 328 
12/17 170 0 3 31 
12/17 1730 350 
12/17 1800 14 
12/17 1830 7 
12/17 190 0 352 
12/17 1930 60 
12/17 200 0 247 
12/17 2030 5 
12/17 210 0 d6 
12/17 2130 75 
12/17 2200 76 
12/17 2230 7o 
12/17 2300 73 
12/17 2330 79 
Table lOd. One-half hour average relative wind directions 
for BLM-4. 
BLH-4 1982 
date time wu{re1} date time ~m ( re1} 
06/21 2200 325 
06/21 0000 314 06/21 2230 329 
06/21 0030 235 06/21 2300 316 
06/21 0100 247 06/21 2330 296 
06/21 0130 95 06/22 0 000 289 
06/21 0 20 0 96 06/22 0030 299 
06/21 0230 66 06/22 0100 311 
06/21 0300 90 06/22 013 0 301 
06/21 0330 89 06/22 020 0 306 
06/21 0400 87 06/22 0230 321 
06/21 0430 93 06/22 0300 331 
06/21 0500 11 06/22 0330 313 
06/21 0530 30 3 06/22 0400 298 
06/21 0600 308 06/22 0430 297 
Ll6/21 06 30 88 06/22 050 0 310 
06/21 0700 93 06/22 0530 304 
06/21 0730 85 06/22 0600 314 
06/21 03 00 74 06/22 0630 315 
05/21 0830 81 06/22 0700 3 33 
l.l6/21 0935 337 06/22 0800 7 
06/21 1030 81 06/22 0830 38 
06/21 1100 18 06/22 0900 18 
06/21 1130 .327 06/22 0930 3 35 
06/21 1200 266 06/22 1000 6 
06/21 1230 328 06/22 1030 355 
Oo/21 130 0 25 06/22 1100 3 36 
06/21 1330 12 06/22 1130 40 
06/21 1400 2 06/22 120 0 71 
05/21 1430 358 06/22 1230 75 
06/21 1500 354 06/22 1300 71 
06/21 1530 349 06/22 140 0 7 
06/21 1600 335 .Jo/22 1430 4 
06/21 1630 3 32 J6/22 1500 358 
06/21 1700 32 7 06/22 1530 349 
06/21 1730 320 06/22 1oUO 340 
06/21 16 OJ 318 J6/22 1630 3 37 
06/21 1630 321 06/22 1700 330 
06/21 20 30 316 UG/22 1730 329 
06/21 2100 321 06/22 1300 318 
06/21 2130 326 06/22 1830 321 
BLN-4 1982 
date time wD(re1) date time ,w ( re1) 
06/22 190 u 304 06/24 0401 354 
06/22 1930 317 06/24 0431 2 
06/22 2000 303 06/24 0526 5 
06/22 2030 296 06/24 0648 357 
06/22 210Ll 287 06/24 0748 2 75 
06/22 2130 291 06/24 0830 64 
06/22 2200 297 06/24 08 58 15 
06/22 2230 288 06/24 0927 68 
06/22 2300 298 06/24 1000 79 
Oo/22 2330 265 06/24 10 30 102 
06/23 0000 324 06/24 1130 99 
06/23 0030 35d 06/24 1230 3 38 
06/23 0100 351 06/24 1300 3 39 
06/23 0130 357 06/24 1330 315 
06/23 0200 
,.. 06/24 140 u 319 i.) 
06/23 0230 358 06/24 1430 324 
06/23 0300 354 06/24 1500 323 
06/23 0330 3 36 06/24 1530 321 
06/23 0400 339 06/24 1600 316 
06/23 0430 343 06/24 1630 317 
06/23 0500 35d 06/24 1700 319 
06/23 0530 39 06/24 1730 316 
06/23 0600 306 06/24 1300 322 
06/23 06 30 316 05/24 1830 32d 
06/23 0700 342 06/24 1900 342 
06/23 0830 315 06/24 1930 3 39 
06/23 0900 17 06/24 20 00 340 
06/23 1020 356 u6/24 2030 342 
06/23 1050 357 06/24 2100 344 
06/23 1204 357 06/24 213 0 34 7 
06/23 1~34 1 06/24 220 0 344 
06/23 14 44 15 06/24 2230 331 
06/23 1524 34 9 06/24 2 30 0 3 36 
06/23 20 34 358 06/24 23 30 351 
06/23 214J 42 06/25 0 00 0 343 
06/23 2210 14 06/25 0 030 329 
06/23 2337 16 06/25 Q 10 0 18 
06/24 0007 13 06/25 013 0 63 
06/24 0158 34 4 06/25 0 20 0 o4 
06/24 0228 357 06/25 0 230 250 
323 
BLM-4 198 2 
date time WD(reQ date time ~lD(re1) 
06/25 0300 259 06/2 7 1330 345 
06/25 0330 30 7 06/27 1400 346 
Oo/25 0400 309 06/2 7 1430 342 
06/25 04 30 314 06/27 1500 340 
06/25 0500 291 06/2 7 1530 340 
06/25 0530 2 72 06/27 1600 3 39 
06/25 0600 285 06/2 7 1630 340 
06/25 0630 318 06/2 7 1700 3 37 
06/25 0700 3 37 06/27 1730 330 
06/25 0730 351 06/2 7 1916 331 
06/25 0800 0 06/27 20 00 331 
06/25 0830 17 06/2 7 20 30 331 
06/25 0900 43 06/27 2100 329 
06/25 0930 22 06/27 2130 333 
06/25 1000 353 Ll6/2 7 220 0 337 
06/25 1030 357 06/2 7 2230 340 
06/25 1100 329 06/27 2300 343 
06/25 1130 326 06/2 7 2326 3 38 
06/25 1200 321 06/28 0000 342 
06/25 1230 315 06/28 0030 354 
06/25 1300 315 06/28 0100 3 
06/25 1330 317 06/28 0130 356 
06/25 1400 319 06/28 020 0 11 
06/25 1430 320 06/28 ll230 3 
06/25 1500 324 06/28 0300 57 
06/25 1530 322 06/28 0330 52 
06/25 1600 322 06/28 0400 303 
06/25 1630 320 06/28 0430 354 
06/25 1700 324 06/28 0 50 0 257 
06/25 1730 32 7 06/28 0 526 94 
06/25 1800 325 06/28 0600 175 
06/25 1830 325 06/28 0630 50 
06/25 1913 274 06/28 0700 11 
06/25 1955 343 06/28 0730 23 
06/25 20 25 356 u6/28 0800 25 
06/25 20 55 353 06/28 0830 3J 
06/27 1130 350 06/28 090 0 17 
06/27 1200 348 06/28 0930 33 
06/27 1230 346 06/28 1000 2 
06/27 1300 345 06/23 1030 339 
BLM-4 198 2 
date time wD(rel) date time WD (r el.) 
06/28 1100 331 06/30 1318 4 
06/28 1130 268 06/30 1343 356 
06/28 1300 323 06/30 1504 356 
06/28 1330 315 06/30 1543 2 
06/23 1400 320 06/30 1613 5 
06/28 1430 324 06/30 1725 350 
06/28 1500 320 06/30 1755 1 
06/28 1530 322 Oo/30 1825 3 
06/28 1600 325 06/30 2012 0 
06/28 1630 326 06/30 2042 1 
Oo/28 1700 32 7 06/30 2233 350 
06/28 1730 323 06/30 2303 10 
06/28 1800 321 07/01 0545 2 
06/28 1830 326 07/01 0833 3 51 
06/28 1900 32 7 07/01 0923 12 
06/29 08 00 33 07/01 09:53 9 
06/29 0830 42 07/01 1023 3 
06/29 0900 34 07/01 1131 7 
06/29 0930 52 07/01 1312 a 
06/29 1000 32 07/01 1342 5 
06/29 1030 53 07/u1 14S2 8 
06/29 1200 246 07/01 1522 340 
06/29 1230 325 
06/29 1300 9 
06/29 1330 26 0 
06/29 1400 287 
06/29 1430 300 
06/29 1500 293 
06/29 1530 300 
06/29 1600 309 
06/29 1630 327 
06/29 170 0 333 
06/29 1730 14 
06/29 1800 121 
06/30 0652 352 
06/30 0722 349 
06/30 0926 359 
06/30 1008 7 
06/30 1038 3 
06/30 1248 359 
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APPENDIX A CALIBRATION PROCEEDURES 
The results of laboratory calibrations of meteorological 
sensors t.hat are used for field measurement.s can be misleading. 
For example, platinum resistance temperature sensors can be 
calibrat.ed t.o .:!:. 0. 001 °C, or wit.h t.he leads used in t.he field 
calibrated to+ O.Ol°C. Such a calibration is repeatable and 
represents the basic capabilities of the sensors and of the 
calibration facility. When these sensors are used in the field, 
with the required aspiration, recognizing that at times the 
aspirator will be shaded and at times in direct sunlight, 
measurement accuracy of.:!:. O.l°C is doing well. 
Measuring wind speed produces anot.her problem because of ship 
influence. No matter how accurately the cups are calibrated, 
using them on, or near, the RV/Acania reduces the accuracy to + 
0.5 m/sec. The results on larger ships are worse. The attainable 
accuracies in t.he field are sufficient. for t.his work, especially 
when one considers t.he use of t.he result.s. Met.eorological 
parameters measured at a point are being used to predict plume 
behavior over a spat.ially large region, near t.he coast., where 
spatial inhomogeneities are great. Great measurement accuracy is 
not. required but., of course, t.he sensors should be moderat.ely well 
calibrat.ed so t.hat. syst.emat.ic errors are not. int.roduced. The 
following are t.he calibrat.ion procedures used t.o insure t.he 
validi t.y of t.he met.eorological dat.a obt.ained aboard t.he R/V 
ACANIA. 
Air, Sea, and De~int Temperatures: 
All temperature sensors are calibrated together in an 
insulated chamber. The air and sea temperature probes and a 
HP2801A quartz thermometer standard are mounted in an aluminum 
cylinder which effectively eliminates the temperature differences 
between these sensors. The differences are less than O.Ol°C. The 
dewpoint thermometers cannot be mounted in the same block because 
they are permanently mounted to the mirror in the sensor. In the 
calibration chamber, the temperature difference between these 
sensors and t.he cylinder can be as much as 0.1 °C. 
The t.emperat.ure measured by a sensor is found from it.s 
resistance by inverting the standard equation 
R = R0 ( 1 + a T ) , 
where T is in °C, R0 t.he resist.ance at. t.he ice point., and a is 
t.he t.emperat.ure coefficient.. For t.he air t.emperat.ure sensors 
a= 0.003921; for the dewpoint sensors a= 0.003895. The 
calibrat.ion procedure is t.o det.ermine t.he values of R0 for each 
sensor from the known calibration chamber temperature and the 
measured resistances. This is done at several temperatures to 
eliminat.e errors which can be int.roduced by t.emperat.ure 
inhomogeneit.ies in t.he chamber. Calibrat.ion accuracy is + 0.01 oc 
for the air and sea surface temperature sensors and+ O.l°C for 
the dew point sensors. 
Wind Speed: 
Calibrat.ions are performed in one of t.he NPS wind t.unnels 
using a calibrat.ed hot. wire sensor as t.he standard. He do not. 
at.t.empt. t.o perform t.he calibrat.ion t.o an accuracy any great.er t.ha.n 
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~ 0.5 m/sec. We have not found any errors or differences between 
sensors to be greater t.han +0. 5 m/sec. When the cups are used in 
t.he field, salt. loading of t.he bearings can cause it. t.o be out.side 
of this range, but this is easily detected long before the 
calibration is affected by observing the decay rate of the shaft 
rotation when no cup is in place. Affect.ed sensors are never 
used. 
Inversion Height: 
The acoust.ic sounder records are calibrat.ed wit.h radiosondes 
every 12 hours during most shipboard operations. 
It. is misleading, however, t.o consider t.his t.o be a good 
calibration of the sounder, it is only semi-quantitative. The 
acoustic return which the sounder senses comes from reflection 
from small scale t.emperat.ure inhomogeneities. The inhomogeneit.ies 
are caused by a combination of t.he t.emperat.ure gradient. and 
mechanical turbulence at the inversion. The return, thus, is not 
necessarily from t.he height. where t.he t.emperat.ure break occurs, 
which is t.he inversion height. det.erined from t.he radiosonde. 
Normally, radiosonde and sounder det.erminations of boundary layer 
depth agree to within 40m. 
Wind Speed Turbulence: 
No laboratory calbration of the hot film sensors is made. 
The films are calibrat.ed, in-sit.u, by comparing t.heir out.put t.o 
t.hat of the immediat.ly adjacent. cup. Film calibrat.ion paramet.ers 
are derived by comparing the one-half hour average mean and 
variance of the wind speed as determined by the two sensors. 
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APPENDIX B SYNOPTIC CHARTS 
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